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FOREWORD 



This manual is intended to serve as an introductory text to 6000 Series 
Computer Systems and to provide logical analysis of the peripheral proces- 
sor units of this series. As an introductory text, this manual discusses 
common design philosophies of the CONTROL DATA® 6400, 6500, and 

6600 Computer Systems. During the course of study, the Peripheral Pro- 
cessor Customer Engineering Diagrams Manual and the Chassis I Wire Tabs 
should be available as additional reference material. 

It is assumed that the reader of this manual has a thorough knowledge of 
number systems, Boolean algebra, and basic computer concepts. 

In any technical writing effort, possibilities of errors are always present. 
Although Control Data Institute makes a conscious effort to minimize errors 
in its publications, errors are nevertheless inevitable. If you would like to 

make the existence of errors known, or would like to make comments or 

suggestions concerning the manual, you might find the Comments Sheet at 
the end of the manual to be of help. Forward your comments to the Educa- 
tional Development Department of Control Data Institute, 3101 East 80th 
Street, Minneapolis, Minnesota 55440. 
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CHAPTER 1 



INTRODUCTION 




Before embarking on a study of the 6000 Series 
Computers , a historical look at their initial develop- 
ment will help in explaining many of the new concepts 
they employ. 




Soon after Control Data successfully had marketed 
its first large-scale digital computer, the 1604, it 
decided to develop a super-scale computer to fill a 
specific area of the computer market. This particu- 
lar area was scientific in nature, and its most indica- 
tive group was the Atomic Energy Commission (AEC) . 
The scientific problem solving that these groups did 
involved the solving of a large and dynamic mathe- 
matical model. This called for a very large and very 
fast central computer. 

Several attempts were made to build a machine 
for mis type of problem. However, none of these 
machines was very successful due to technological 

problems . 

TRANSISTOR 

All of these previous attempts were solid state 
machines using the presently available germanium 
transistor. Since this most basic component was 
operating near its maximum expected speed, it 

seemed that the design problem was unsolvable. 
However , Control Data Corporation decided to attempt 
a design that could efficiently handle the type of 
computer-solving problem the AEC had. 



1 



NEW CONCEPTS 



more speed could be expected from the 



computation time is very unbalanced. This can be 

illustrated as shown in figure 1 . 



transistor, brute force speed 



Ml » 



uting was not 



possible. Instead, conceptual changes in the basic 



computer system Were necessary 



this priii 



Idle Period for 
ost Logic Circuits 



ciple as a guide line, Control Data started the devel- 
opment of the 6600 Computer. 

r 

For the next year or so, many new concepts were 
developed that would increase the speed of a compu- 
ter system. Using these new concepts , Control Data 
could see a machine that would execute one million 

instructions per second, a faster machine than any 
presently available computer. 

During this initial development period , the transis- 
tor industry began to herald the coining of a new and 
faster transistor. This item, the silicon transistor, 
was much faster than the old germanium and made 
greater computer speeds easily available. However, 
for Control Data it meant a great deal more. Since 
Control Data had developed new concepts to increase 
computer system speeds, the new transistor was like 
frosting on the cake. By using both the new transistor 
and the newly developed concepts , Control Data now 
had a machine that would execute three million in- 
structions per second, unapproachable by any other 
computer, even the •'paper tigers". With a computer 
that could operate at this speed, Control Data had the 
machine, the 6600, that could handle with ease the 
particular type of computer problems that were 
prese 

The development of the 6600 Computer was suc- 
cessfully culminated with the delivery of the first 



Program Running in 
Central processor 








*MMM 




I/O Request 



Figure 1. Ratio of I/O Time to Actual 

Computational Time 



In order to point out the awkwardness of this situ- 
ation , we shall look at an analogy. Assume the 

president of a large corporation, who is trained and 

capable of making very high-level decisions, is forced 

to spend a great deal of his time doing the routine 



paperwork leading up to and after the big decision. 
Obviously, he is not using his talents very economic- 
ally. However, we can be sure that this company 
president would delegate the routine paperwork to 
less capable people while he spent his time making 

the big decision. Of course, it must be understood 
that this argument holds true only if there are enough 

decisions that have to be made. 

Keeping this analogy in mind, consider that if the 
central processor could be isolated from the rest of 

the system, it would lend itself more to pure comput- 
ing and also provide for faster overall speed in pro- 
gram turn-around. In order to be able to isolate the 
arithmetic section of the computer, there must be 

oped for the 6600, the basic difference being a unified some * , "f IT***. *!* '". C *P* M ° °* 

central proce»or rather than one using th? principle f^^J^^J^^^f 

«f ^^h^ in the arithmetic section, u successful isolation of 

of concurrent operation. the arithmetic section can be accomplished, a tre- 

conceptual changes used in the 6600 and 6400 mendous opportunity arises to create an extremely 
are easily understood if one looks at the operation of 

r 

the typical computer . These computers are designed processor (arithmetic section) never need worry about 
with extremely powerful and capable arithmetic com- 



6600 Computer System to the Lawrence Radiatio 
Laboratory at Livermore , California, in June of 1964. 
The development of the second 6000 Series Computer, 
the 6400, was started during 1964. The 6400 uses 



the same basic conceptual changes that were devel 



fast central processor. Remember, this central 



puting hardware 



great deal of effort is made to 



I/O processing. 

In the 6000 Series Computer System this is exactly 
what has been accomplished. The central processor 

has been isolated from the routine work of I/O pro- 
cessing. 

In the 6000 Series Computer there is a very fast 
that can be made is that, although a computer can be central processor unit (CPU) with its own high-speed 



make the hardware multiply, divide , and handle com- 
puting situations at very high speeds. Ordinarily, the 
typical computer is called upon to handle the compu- 
tation of a program and also the processing of its 
input/ output requirements. Therefore , the conclusion 



very powerful and capable arithmetically, the sophis 



memory (up to 13 IK) , and ten independent peripheral 



tieated hardware is not actually doing the job it should processor units (PPU* s) , each with its own 4K mem 



be doing most of the time. We can say most of the 
time because the ratio of input/ output time to actual 



ory (figure 2) . The function of the CPU in this system 
is that of high speed computing while the PPU's are 



2 



PPU 9 






I/O Gap 



ME MOB 

PPU 2 



CENTRAL MEMORY 




CENTRAL 
PROCESSOR 



CENTRAL MEMORY 




Figure 2. 6000 Computer System 

General Block Diagram 



assigned the task of processing all of the necessary 
I/O requests and doing simpler types of problem 

solving. 

Because the 6000 Series Computers have a multi- 
computer configuration they can handle several pro- 
grams simultaneously » ratter than singly which was 
the case in the other kind of computers. Because of 
this fact we must look at the typical operation of these 
machines in a different light. In doing this we ca 
see how the new 6000 Series Computers conceptual 

differences permit the handling of programs in a more 
economical way. 

We shall assume a group of programs; the first 
program is loaded into the computer and execution 

¥ 

begins . An I/O request is encountered. At this time 
the typical 6000 Series Computer could immediately 
start the second job running in the central processor 
and assign one of the ten peripheral and control pro- 
cessors the job of processing the input or output re- 
quest (see figure 3) 



I/O Request 
/ 




■ss- 



Program A 





Second Program Fills 
I/O Gap in Central Processor 



Program B 



Figure 3. Sequence of Concurrent 

Operation of Two Jobs 



Computer System. Each is independent of the other 
and each has its own 4K, 12-bit memory. Each is 
capable of communicating with the central memory , 
the 12 I/O channels, and the real-time clock. Each 
processor is capable of executing a 64-instruction 

repertoire. The scheme under which the 10 PPU's 
operate is one which makes full use of common arith- 
metic and logical circuits on a timing sharing basis. 



If we consider the fact that most computers do not 
make full use of their arithmetic and logical hard- 
ware because of memory wait time, the possibility 
of time-sharing common hardware becomes evident. 

a single computer . An instruction is ac- 



Consider 

quired from the memory specifying an arithmetic 

operation to be performed. However, before this 
operation can be performed , the operand needed must 
be read from memory. During this access time, the 
arithmetic hardware is idle. If we were to allow a 
second computer to use the arithmetic hardware dur- 
ing this period of time , we would be incr eas ing the 
economic use of the hardware. If the arithmetic and 

logical hardware were fast enough, couldn't three 
other computers use it during the memory wait time 
of the first computer? Why not nine others ? 

Keeping the above statements in mind, consider 



Using Hils scheme , the I/O gap has been removed computer operation in general . In any computer , the 



from the central processor . This means that the cen- 
tral processor is using its capabilities almost 100% 
of the time. 



PERIPHERAL AND CONTROL PROCESSORS 



There are ten identical peripheral and control pro- 
cessors (PPU's) associated with the basic 6000 Series 



contents of various registers are necessary to control 
the orderly execution of a program . For instance, a 
program address register (P) is necessary to keep 
the program in sequence* An accumulator (A) is 
necessary to maintain the latest results of some pro- 
gram step. 

Usually some sort of register maintains the trans-' 

w 

lation of the latest operation code for extended control 



of the execi 



of the present program step. Thus , 



3 



it can be seen that we can logically link 10 identical 
sets of P registers , A registers , and translation reg- 
isters with one common set of arithmetic and logical 
hardware. The 6000 peripheral processors do just 
this. 

In the 6000 PPU's each processor has an 18 -bit 
accumulator (Ay, a 12-bit program register <P), a 
12-bit auxiliary accumulator (Q) , and a 9-bit trans- 
lation register (K). All of these registers share a 
common set of arithmetic hardware. Each set of 



registers represents one program and is allowed to 
use the arithmetic hardware for 100ns during each 
usee. A circular shifting process is used to move each 
processor into position to use the arithmetic and 
logical section. This shifting network is called the 
barrel. The area where the arithmetic and logical 
hardware is located is called the slot. Refer to figure 
4 for a detailed picture of this scheme. Slot time for 
any particular processor occurs once every jusec (one 
major cycle) . 



10 Independent 
Memory Units 



Barrel 
(9 Programs) 




Memory Cycle Path 



Arithmetic and Logical 



Channel Data 
Merge and Fanout 



I/O Channels (12) 



Figure 4. PPU Block Diagram 



All arithmetic and logical operations are executed PPU DATA CHANNELS 
in the slot. Also during the slot time communication 

with central memory and the I/O channels is accom- The 10 6000 Series peripheral processors are con 



plished. 



nected to 13 independent data channels. Twelve of 



4 



these data channels are bidirectional and can be con 



The major cycle time is 1000ns and the minor cycle 



nected to I/O equipment. The 13th is permanently time is 100ns. Twelve I/O channels are common to 



connected to the real-time clock ai 



i • 



is used specific 



ally for monitoring the clock. The method used to 
connect the data channels to the peripheral processors 



all processors and all channels are 12-bit bidirec- 
tional. The real-time clock uses one/isec per count, 

4096 counts per clock period. The instruction set 



allows any processor to use any channel. This scheme includes logical, branch, I/O, central memory ac 



allows flexibility in handling I/O equipment. 



PPU PHYSICAL CHARACTERISTICS 

The 10 processors are identical. One 4096 12-bit 
magnetic core storage accompanies each processor. 



cess, central processor access, direct and indirect 
addressing, and indexed addressing instructions. 

f 

Average instruction execution time is two major 
cycles. Execution times for each instruction are 
listed in table 1. 



Table 1 . Peripheral and Control Processor Instruction Times 



Octal 
Code 



Name 



Pass 

Long jump tom + (d) 
Return jump to m + (d) 
Unconditional jump d 
Zero jump d 
Nonzero jump d 
Plus jump d 
Minus jump d 

Shift d 

Logical difference d 

Logical product d 

Selective clear d 
Load d 

Load complement d 
Addd 

Subtract d 



Load dm 

Add dm 

Logical product dm 
Logical difference dm 
Pass 



Exchange jump 

Read program address 

Load (d) 
Add (d) 
Subtract (d) 

Logical difference (d) 
Store (d) 

Replace add (d) 
Replace add one (d) 
Replace subtract one (d) 

Load ((d)) 
Add ((d)) 



Time 
(Major 

Cycles) 



1 

2- 3 

3- 4 

1 

1 
1 

1 
1 



1 
1 

1 

1 
1 
1 
1 
1 



4 
1 
J 



2 
2 
2 
2 

1 
1 

in 2 
1 



2 

2 

2 

2 
2 

3 

3 

3 

3 
3 



Octal 
Code 



42 
43 
44 

45 
46 
47 



50 
51 
52 
53 
54 
55 
56 
57 

60 
61 



62 
63 



64 
65 
66 
67 



70 
71 



72 
73 



74 

75 

76 
77 



Name 



Subtract ((d)) 

Logical difference ((d)) 

Store ((d)> 

Replace add ((d)) 

Replace add one ((d)) 

Replace subtract one ((d)) 

Load (m + (d)) 
Add (m + (d)) 
Subtract (m + (d)) 

Logical difference (m + (d)) 

Store (m + (d)) 
Replace add (m + (d)) 

Repl ace add one (m + (d)) 
Replace subtract one (m + (d)) 

Central read from (A) to d 
Central read (d) words from 

(A) to m 
Central write to (A) from d 
Central write (d) words 

(A) from m 
Jump to m if channel d active 
Jump to m if channel d inactive 
Jump to m if channel d full 
Jump to m if channel d empty 

Input to A from channel d 



Id U 



t (A) words to m from 



channel d 
Output from A on channel d 
Output (A) words from m on 

channel d 
Activate channel d 
Disconnect channel d 
Function (A) on channel d 
Function m on channel d 



Time 
(Major 
Cycles) 



3 

3 

3 

4 

4 
4 



3-4 
3-4 
3-4 
3-4 

3- 4 

4- 5 

4-5 
4-5 



min 6 
5 plus 
5 /word 

min 6 
5 plus 
5/word 

2 

2 

2 

2 



2 

4 plus 

l/word 
2 

4 plus 
l/word 
2 

2 
2 
2 
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CENTRAL PROCESSOR 



Earlier in this chapter it was stated that one of the 
basic concepts of the 6000 Series Computers is the 
isolation of the central processor. Taking advantage 
of this isolation principle to create a fast CPU could 
take many forms . If overlapping of arithmetic opera- 
Hons could be developed where no linkage problems 
are present, this would mean that concurrent comput- 
ing of several steps of the program would be possible. 
Of course , in order to be able to have several arith- 
metic operations occurring at once, a great supply of 
operands must be available. Operands could be pro- 
vided by having a multiple set of accumulators that 
are used directly by the arithmetic section and have 
a path to the memory which is independent of the in- 
struction set. Considering that our hypothetical CPU 
is operating in the fashion described, it certainty 
would be able to execute a great number of instruc- 
tions at high speeds. Therefore, we must provide 
the CPU with a good supply of instructions free of 
memory. This can be done by having a stack of tran- 
sistor registers, much like an internal memory, that 
could be used to draw instructions from. 

At this point a classification of the difference be- 
tween a 6400 and a 6600 computer must be made. The 
two computers have the same configuration and con- 
cept of operation. However, in the 6600 central pro- 
cessor instructions can be executed concurrently 
where no linkage problems exist, while in the 6400 
central processor the execution of instructions is 
sequential, that is, one after the other. 

Therefore , the preceding description of hypothetical 

al 



possibilities for increasing the speed of the ce 
processor holds true for both computers , with the 
exception of the concurrent execution of instructions 

unique to the 6600. Also, the 6400 does not have an 

instruction stack since, with sequential execution of 

instructions, there is always sufficient time to ac- 
quire the next instruction. 



CENTRAL PROCESSOR OPERATION 



OPERATING REGISTERS 

In order to facilitate the execution of each program 

step and to reduce memory access times, operands 
used during the execution of an instruction will come 
from 24 flip-flop operating registers that will be 
loaded and stored under program control. 

* 

The central processor's 24 operating registers are 
divided as follows : 

Eight 60-bit X registers that hold operands used 
for computation. The X registers have a direct 
access path to central memory. 



X-Regtators 
Operands 




Figure 5. Central Processor Block Diagram 



Eight 18-bit A registers 



registers 



used for loading and storing operands in the 



registers 



registers are known as the 



Addres 



s 



igisters 



Eight 18 -bit B registers. 



Changing an A register causes a memory reference 
for an associative X register. That is to say, chang- 
ing A1-A5 causes a memory read and X1-X5 receive 
the operand. Changing A6 or A7 causes a memory 

write and the operand in X6 and X7 is stored* AO and 
X0 are not considered in this memory scheme* The 
eight 18-bit B registers are used as index registers. 
All of the above-mentioned registers are unique to 

r 

the central processor and are not associated with the 
peripheral processors in any way. 
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15 Bits 



60 Bite 



OP Code 




Second Operand Register 
First Operand Register 





Results Register 



Mi 





K 



18 Bits 



30 Bits 



OP Code 




Second Operand 



First Operand Register 



Results Register 
Figure 6. Instruction Formats 



INSTRUCTION FORMAT 

The basic format of a 6000 Series Computer in- 
struction is arranged in such a manner as to facilitate 
easy understanding of its operation. Figure 6 illus- 
trates the format of the instructions and also shows 
all combinations of 15- and 30-bit instructions possible 
in a 60-bit word. In examining the instruction format, 
we find that the upper six bits are the operation code. 
The next three bits , the i portion, designate the op- 
erating register where the results of execution of a 
program step go. The j and k portions designate those 
operating registers where source operands are found 



are needed to execute the program step 



istruction is a 30 -bit type 



find that 



If an 
18-bit 



constant K is part of the instruction and serves as one 
operand. In this case, j and K serve as the two oper- 



ands necessary to execute the program step. Always 



lilt 



remembering mat i is the result register and } and 
(or K) are source operands 
the code is quite easy. F 
traction reads : 



that interpreting 
instance, the multiply 



40 



Floating product of Xj and Xk to Xi 



The 40 is the operation code and the results go to an 
X register, one of eight. Both source operands come 



from X registers . The coded form of the instruction 
is shown below. 



4 54 2 

I 




Qp 

Code 



Results 
to X5 




Source Operand Source Operand 



from X4 



from X2 



Figure 7 illustrates a short program using sym- 
bolic form of coding. This program also gives an 

example of the manipulation of operands with the 
operating registers. 



Operation 
Al * Bl + K 



A2 = B2 + B0 



X6 = X1 • X2 



A6 = B5 + K 



Result 
Load XI from memory 

location Bl + K 

Load X2 from memory 
location B2 + B0 

Multiply XI by X2 and 
store results in X6 

Store X6 in memory 
location B5 + K 



Figure 7. Symbolic Coding 
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EXCHANGE JUMP 



A peripheral and control processor starts the first 

central processor program and any new program run 
ning in the central processor by executing an Exchange 
Jump instruction. This scheme is necessary since 
the central processor is like an island. That is, there 

■ 

are no logical external connections to any part of the 



entral processor controls that can affect it. 



Only 



through programming can the central processor be 
reached. The exchange jump method of starting pro 
grams in the central processor is ideal since it allows 
the interruption of a program running in the central 

processor and the recovery of the same program at 
a later time. 



One situation where we would want to do this is 
when the program presently residing in the central 
processor has reached an idle period because it re 
quires some input or output processing. At this time, 
an exchange jump would allow us to start a new pro 
gram running in the central processor and would also 

record the necessary information needed to restart 

the original program when the input or output proces 
sing had been completed. 



In order to get a basic understanding of how the 
exchange jump package works, remember that any 
program running in the central processor is under the 

control of the operating and control registers. These 
registers , such as the Program Address register (P) , 
keep track of the sequence of an instruction; theX, B, 
and A operating registers keep track of operands be 
ing used for the execution of program steps ; and the 
Reference Address register (RA) keeps track of the 



relocation point of the present program. There are 
other important registers, of course, but these serve 
as an example of what is meant. 

A program running in the central processor can be 
stopped and restarted without difficulty if a record 
can be made of the control and operating registers at 
the time of the interrupt. As for the new program that 
we want to start executing, we must supply new values 
for the control and operating registers that the new 
program will be using. 

Keeping the above statements in mind, we shall 

have a peripheral processor store into the central 



memory new values for the control and operating reg 



isters that will be used by the interrupting program 
We shall call this area of central memory the ex 
change jump package (figure 8). Of course, the in 
structions for our new program must also be located 
in the central memory before we execute the exchange 

jump (figure 9). 

When we have stored our exchange jump package 
in central memory, the PPU will execute the exchange 
jump. This will cause the exchange of the contents of 
the operating and control registers , now being used 
by the present program, with new values. These new 
values will come from the exchange jump package and 
be placed in the operating and Control registers. The 

old program values used to represent the conditions 
and control registers are safely stored in the exchange 
jump package. Another exchange jump will restore 
these values in the operating and control registers 
whenever we want to continue execution of the original 
program. 





Figure 8. Exchange Jump Package 



Figure 9. Program Distribution in Central Memory 
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PHYSICAL CONCEPTS 

Transistor-coupled logical circuits are used 
throughout the 6000 Series Computer. The circuits 
are cooled by means of refrigeration units contained 
within the mainframe. Memory for the 6000 Series 
Computers is magnetic cores, arranged in modules 
that contain 4096 12-bit locations. Data and control 
between chassis and to external equipment are pulsed 
using transformers feeding coaxial cables. Internal 
data and control flows over twisted pair lines, and 
both ends of one of the wires are terminated to ground. 

LOGIC CIRCUITS 

A technique called cordwood packaging is used 

when building the individual modules that make up the 
6000 Series logic circuits. The logic module will 
average 64 transistors and has a 30-pin male connec- 



tor for signal distribution (f igure 10) . 

The transistors used are NPN type, called silicon 
epitaxial pacivated transistors. These transistors 
switch in three to five nanoseconds and operate in 
saturated circuitry. The logical circuit that is con- 
tained on a module may be unique or may be a stand- 
ard circuit that can be repeated many times within 
the overall computer. The individual modules are 
pluggable into a 30-pin female connector that is 
mounted on the chassis. The individual connectors 
are connected together using point-to-point wire 
techniques. This forms a thick wiring mat on the 
back of each chassis (figure 11). Specific modules 
can be located on the chassis by coordinates. The 
vertical edge of the chassis is labeled A-R and the 
horizontal bar is labeled 1-42. There are test points 
on the front plate of each module for ease of monitor- 
ing the internal signals of the modules. 




r-iis r i l-l ri. l-t-j l-l i ■ .■ - ^— n .--j j l-j -a- J lvj l- ■ — ^ l-j ■_ ■_■ j l l-j j _■ rj uvj l l- uv j l ■ J J j ■ ■ l- -■ -■ l -j l ■ l- j ■_■ ■_ -_i ^ . ■-■ — . _-j j-j u _r j-_ -j-jxj -a- j ■ j jl-i l- l- l- jt ji _ ■ j u-j I-J.-J j-j is j-x^ r -j--- ++ l-j^ ^j^u+^jv, xj j j, ^Vt^k-^Wf iVt^ V riVri * W ■ Cm m k'm--i V IT* * ^ M M-M IV4 IMWHjUm W J fc?b t^T^y YWt I ^ ^ frV^ M V ■ ¥ 



figure 10. 6000 Logic Module 
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Figure 11. Back of Chassis Wiring 
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Figure 12. Typical 6000 Chassis 



Figure 13. 



Refrigeration Tubes 




Figure 14, Refrigeration Unit 



COOLING 

Between each row of modules on a chassis is a 
bar containing a copper tube that carries refrigerant 
(figure 13). The refrigerant carries heat away from 

the bar to a closed cycle refrigeration unit located in 
each wing of the mainframe (figure 14). The heat 
generated by the modules is transferred to the cold 
bar by the principles of convection and conduction. 



MAGNETIC CORE STORAGE 

A unique package, the memory module (figure 15), 
contains 49,152 magnetic cores used for storing bits 
of information. The size of each core is 0.012 inch 
inside diameter and 0.020 inch outside diameter. The 
cores are arranged on 12 planes, each plane having a 
64 x 64 matrix. Each memory module has 4096 ad- 
dressable locations of 12 bits each. The memory 
module contains all the drive and inhibit circuits 
necessary to operate that module. Only an External 
Address register and sense amplifiers are necessary 
to operate the module. The memory modules are 
plugged into the chassis in the same manner as the 
logic modules and are easily replaced when neces- 
sary. One module makes up each independent mem- 
ory for the peripheral and control processors. 




Figure 15. 6000 Memory Module 



SIGNAL TRANSMISSION 

Because of the extremely high speed of the 6000 
Series logic circuits, a method of moving data is used 
that does not reduce the speed of the operating cir- 
cuits. This method is transformer-coupled coaxial 
cables arranged in groups called data trunks, which 
are located between points where data flows , such as 
the data trunk between central memory and the oper- 
ating registers. The trunk consists of two 60-wire 
coaxial cables, transmitting circuits, and receiving 
circuits (FFs). 



OPERATING 
REGISTER 



CENTRAL 
ME MOR Y 



TRANSMITTING 
CIRCUITS 



RECEIVING 
CIRCUITS 




Coaxial 
C ables 




RE C E IVING 
CIRCUITS 



TRANSMITTING 
CIRCUITS 



Figure 16. Data Trunk between Central 
Memory and Operating Registers 
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6000 SERIES COMPONENTS 



Below is a listing of the various components pos 
sible with the 6600 and 6400 Computer Systems . 



6400 SYSTEM 

6413 Central Computer with 131,072 words of 

magnetic core storage , 10 peripheral a 
trol processors with storage 



con- 



• 6414 Central Computer with 65,536 words of 
magnetic core storage, 10 peripheral and con- 
trol processors with storage 

• 6415 Central Computer with 32,768 words of 



magnetic core storage, 10 peripheral and con- 
trol processors with storage 



6600 SYSTEM 

• 6613 Central Computer with 131, 072 words of 
magnetic core storage, 10 peripheral and con- 
trol processors with storage 

• 6614 Central Computer with 65,536 words of 
magnetic core storage, 10 peripheral and con- 
trol processors with storage 

6615 Central Computer with 32,768 
magnetic core storage, 10 peripheral and con- 
trol processors with storage 



words 



6400 OR 6600 SYSTEM 

w 

Augmented I/O Buffer and Control includes 
16 , 384 words (60 bits) of storage and 10 pe- 
ripheral and control processors with storage. 
Communicates with central computers via stand- 
ard channel . While this device is not currently 
being manufactured, several are in the field. 

• 663X Extended Core Storage contains 125K to 
1000K words of magnetic core storage (60 bits) , 



In addition to the various options possible with the 
system , there is also a variety of peripheral equip- 
ment available. 



6612 DISPLAY CONSOLE 

The 6612 unit (figure 17) comprises the display 



section of the 6000 Syste 



The display console con 



sists of two 10-inch cathode ray tube display units and 



a manual keyboard containing 50 alphanumeric and 
special characters. 

The console can be selected to display in either 
character or dot mode. In the character mode, two 



alphai 




eric characters can be displayed for each 



12-bit word sent fro 



peripheral processor 



The three character sizes are small (64 char. /line) , 
medium (32 char. /line, and large (16 char./line). 

» 

In the dot mode , a pattern of dots (graphs , figures , 
etc.) can be displayed. Dots are generated for 12-bit 
words containing vertical or horizontal coordinates. 
Upon receipt of a y coordinate, a dot is painted at that 
y coordinate and the last previous x coordinate. 

Typical operation of a display console in the 6000 
Series System allocates one screen for presentation 
of operator directives. The remaining screen gives 
the operator status information on the current prob- 
lem or information on other problems being run. Al- 



though none of the register 



memory locations are 



displayed automatically , a peripheral processor con- 
trol program can extract register information and 
central memory contents and send it to a screen for 



iewing 



addition 



program can change 
«nts and can inter- 



central memory or register contents 
rupt, step, or terminate a central processor program 
from manual input on the console keyboard. 

The 66 12 Display Console operates under the con- 



depending on the specific model. Also included trol of a peripheral and control processor. This pro 



are couplers and controls enabling communica 



cessor can operate several displays simultaneously . 



tions with 6400 and 6600 central computers and Multiple units minimize idle time in the system and 



6416 I/O buffer and control. First word access 
is three .usee for all models. Transfer rate 



allow simultaneous debugging and monitoring of many 
unrelated problems . 



depends on 



tel (table 2) . 



Table 2. Extended Core Storage Transfer Rates 

for Each Core Storage Model 



Model Memory Size 



6633 


125, 952 


6634 


251,904 • 


6635 


503,808 , 


6636 


1,007,616 



Transfer Rate 

Up to 2 , 500 Words/Sec 

Up to 5, 000 Words/Sec 
Up to 10, 000 Words/Sec 
Up to 10, 000 Words/Sec 



6603 DISK FILE 

The 6603 Disk File (figure 18) is a 
unit for the 6000 Series Computer Syste 
following features : 

r 

L 

• Capacity of 448,266,240 bits, o 

characters 




ass storage 
. It has the 



040 



Transfer rate of 1. 09385 x 10 6 char, /sec (12 
bits every 1.83tpsec) for the inner zones when 
controlled by two peripheral and control pro- 
cessors 
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Figure 17. 6612 Display Console 





Figure 



18. 6603 



Disk 



File 



1. 4 x 10^ char, /sec maximum sustained rate 
for outer zones 

1. 2 x 10 6 char, /sec average sustained rate 
Rotational speed of 66. 6ms /revolution 
266.4ms average total random access time 



magnetic 



moved in unison by a singl 



tioning arm 



Error checking by program control and read 
parity checks 



6638 DISK FILE SYSTEM 

The 6638 Disk File System (figure 19), consisting 



of the 807 or 808 file and the 6639 controller, is a 
large-scale mass storage device for use primarily 
with 6000 Series Computer Systems. 

Features of this system are: 



Capacity of 1,054,113,792 (maximum) bits or 
175,685,632 (maximum) characters, random- 
accessed by track (808) 

Transfer rate of 12 bits (parallel) each l.lQusec 
(approximately 847kHz) for all data on disk 

Rotational speed 1200 rpm (approximate) 

163.25ms average random access time (worst 
case) including positioning, verification, and 
latency 




Figure 19. 807 Disk File 
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• 64 read/write head groups, each containing 12 
read/write heads; half of the groups (32) are 
attached to each positioner, and the positioners 
are addressed separately so one positioner can 
be moving to a new position while reading or 
writing is carried out with the other (808) 

• An 807 is physically half the capacity of the 808 
and has one positioner instead of two 

• Error checking by program control plus read 
parity check 

6622 MAGNETIC TAPE CONTROLLER 

This controller permits reading and writing of any 
one of four model 626 Magnetic Tape Transports. It 
operates from one standard channel. 

626^B MAGNETIC TAPE TRANSPORT 

The Control Data 626-B Magnetic Tape Transport 
(figure 20) is very much like the Control Data 607-B 
Magnetic Tape Transport. The 626-B is designed 
specifically as an intermediate storage device for the 
6000 Series Computer System. The 626-B tape unit 
uses one inch tape with 14 tracks per frame (across 
the tape). The frame format is as follows: tracks 
0-5 contain data bits 0-5, track 6 contains parity bit 
for preceding tracks; tracks 7-12 contain data bits 
6-11, track 13 contains parity bit for preceding six 
tracks. 

Information is recorded in the binary mode only. 
Each frame represents one 12-bit peripheral proces- 
sor word, split into two characters , with an odd parity 
bit for each half. 

The packing density is fixed at 800 bpi. Tape speed 
forward is 150 ips. The nominal transfer rate is 
240,000 (six bit) char. /sec. 



Figure 20. 



6681 DATA CHANNEL CONVERTER 

L 

4 

The 6681 allows the 6000 Series peripheral proces- 

sors to communicate with 3000 Series I/O equipment. 
The converter acts as a signal interface and allows 

users who presently have 3000 Series computers or 

equipment to use this equipment with the 6000 Series 
System. The 6681 must be the first equipment on the 



channel and can control up to eight pieces of equip- 
ment. 

In order to allow the utmost in flexibility in con- 
figuration of the external equipment, the 3000 Series 
peripheral controllers are available. These control- 
lers are used for the card readers, card punches, 
and half-inch magnetic tapes. 



12 Data Channels 




I 




Seven More 

Equipments 



Up to Eight 



Figure 21. 6681 Data Channel Converter 
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CHAPTER 2 CIRCUITS 

6 00 SERIES LOGIC ANALYSIS The majority of the circuits in the 6000 Series 

Computers use the inversion property of transistors 
to obtain logical OR and AND configurations. These, 
in turn, are connected into flip-flops which tempor- 
arily store data. Special circuits drive twisted pair 
or coaxial cable transmission lines, control storage 
or readout of data in the magnetic core memory, 
amplify and detect magnetic tape or disk file head 
signals, and control other functions. 



PACKAGING 

Circuits are packaged in modules (figure 10) which 
use printed circuit wiring. Circuit components are 
mounted on and between two printed circuit boards in 
a method sometimes referred to as cordwood pack- 
aging. A 30-pin connector fastened at one end of the 
module allows electrical access to the circuits. The 
module connector mates with a chassis connector 
whose pins are wired to other similar circuits. A 
plate with captive screws is fastened to the module 
at the end opposite the connector. This plate connects 
the module to the chassis mechanically and also con- 
ducts component heat to the chassis cooling system. 
The plate carries an identifying number for the mod- 
ule and six test-point terminals . The test points are 
numbered one through six from top to bottom and are 
connected to various parts of a circuit to allow circuit 
operation to be viewed on an oscilloscope. 

COOLING 

Modules are mounted vertically in the chassis in 
separate compartments. Compartment side walls, 



17 



the connector (back) , and module plate (front) have a A +1.2 input turns on the transistor and drives it 

black finish. Rows of modules are separated and to saturation. The Output signal is then the drop 

across the transistor, +0. 2v. When a +0.2v input 



the 



supported by metal plates (cold bars) which for 
top and bottom of the compartments . A copper tube is 
imbedded in each bar, and it is connected to a freo 

refrigeration (cooling) system. Component heat from the collector resistor and the input resistance of the 
each module is carried to the cold bars and cooling driven load, 
system by convection and by black-body conduction. 



cuts off the transistor, the output rises toward +6v 
but is held to +1. 2v by the voltage-dividing effect of 



BASIC CIRCUIT ANALYSIS 

The basic circuit is a single NPN silicon transis- 
tor connected in a grounded emitter amplifier circuit. 
The transistor operates from a +6vdc supply. The 
inherent 180 degree phase shift of the transistor pro- 
vides the basic inversion (or NOT) function. The two 
signal levels and their logical significance are: +0.2v 
is one and +1.2v is zero (figure 22). 



~6v 



Test 
Point 



A 




A 



Br'.sic Inverter 



I. 



o 




o 







o 




Logical Representations 



Input 



Output 



+0. 2v 1 
+1. 2v 



+1.2v 
+0. 2v 1 



Figure 22. Basic Inverter 



The threshold voltage on the base of the transistor 
is approximately +0.8v (virtually no conduction below 
+0. 7v) which permits the circuit to reject noise sig- 
nals up to about +0.5v. Circuit parameters for cutoff 
and saturation are listed in example 1. 

Example 1 




I 



C 



Cutoff 







Saturation 



luma 




verage 
Switching 
Time 



5ns 



AND and OR COMBINATIONS 

To combine signals from two circuits, the collec 
tors are connected to a common load resistor (figur 



23) . This provides 
rial. This met 



as 



■ I 



Output 



combining signals is sometimes 



called NOR logic. The name derives from NOT 
since the circuit consists of an OR with phase inv 
sion or negation of the inputs . Up 
may be connected to a common co 
this way. 



to six transistors 



The circuit to combine two signals A and B to 



vide AB as the output appears in figure 
either A or B is +l,2v, Ql or Q2 is biased 



When 



the output at point 







+0 



turn 



Q3 off and the output is +1. 2v. But when both 



and B are +0.2v 



Ql 



Q2 are cut off. Then the 



potential at point C begins to rise toward +6v . When 
it reaches +0. 8v, Q3 begins to conduct and soon goes 



saturation. Base or leakage current from 03 



through R4 and R3 



Itag 



The 



base-to-emitter drop of Q3 plus the drop across R4 
establish the level at point C at +1. 2v. With Q3 con- 
ducting the output is +0.2v. Hence the output is +0. 2v 



when both inputs 



II 



are +0.2v 



The circuit of figure 25 shows the OR combination 
of two signals, A and B, in which a +0. 2v input at 
either A or B results in a +0. 2v output. 



LOGIC DIAGRAM SYMBOLS 

The symbols used to represent circuits 



grams are shown iri table 



circle a 
nal 

levels- 



The use of two symbols 



a r« 



square , to represent the combining of sig- 
onvenient way to indicate alternating logical 
lis alternation results from the inversion 
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Test 
Point 



+6v 



A + B 



Basic Combination (not AND) 



1. 



9 




o 



o 



Logical Representation 



Input A 

_ e 

+0.2v 1 

+0.2v 1 

+1.2v 

+1.2v 



Input B 

+0.2v 1 

+1.2v 

+0.2v 1 

+1.2v 



Output 

+1.2v 
+0. 2v 1 
+0.2v 1 

+0.2v 1 



AB 



Test 
Point 




AND Combination 




Logical Representation 



Input A 

+0.2v 1 
+0.2v 1 

+1.2v 

+1.2v 



Input B 

-M).2v 1 
+1.2v 
+0.2v 1 

+1.2v 



Output 

+0.2v 1 

+1.2v 

+1.2v 

+1, 2v 



Figure 23. Combining Signals 



Figure 24. AND Combination 



Table 3. Circuit Symbols Used in Logic Diagrams 



Symbol 



Logical Function 



Literal 
Significance 



Inversion 



Transistor 

(including its 

base resistor) 



Usually OR combination Collector load 



(one or more zeros) 



resistor 



Usually AND combination Collector load 



(all ones) 



resistor 



accompanying each successive combination. Logic 
is performed by strings or successions of steps: 
invert, combine, invert, combine, invert, Combine, 
etc. Thus, every otter combining step is the reverse 
of its predecessor. 

A diagram of such a logical string of steps appears 
in example 2. 

Example 2 
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+6v 




Input A 



+0 




2v 




+0 




2v 




+1 




2v 




+1 




2v 





Logical Representation 



Input B 




Output 




+0.2v 


1 


+0.2v 


1 


+1.2v 





+0.2v 


1 


+0.2v 


1 


+0.2v 


1 


+1.2v 





+1.2v 






OR Combination 



Figure 



25. 



OR Combination 



Where possible, diagrams have circles and squares 

to indi 



appearing in alternation and in such 



way 



as 



cate 



whethe r 



the 



effect 



of 




combination is an AND 



or 



an 



OR 




Consider 



the 



logical circuit shown 



in 



example 






and' gate 



ALL INPUTS 



MUST 
♦ 0.2 V 




C 



I 




Example 




A 





D 



AB 




AB 




CD 
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Figure 26. Basic Flip-Flop with Clear /Set Input 



Its output is A + B+ C"+D which simplifies to AB one inputs are present 



Assuming one inputs, the 



+ CD. The square can be thought of as representing 
an OR. 



2v zero output of C drives the output of D to a +0 



one 



FLIP-FLOP WITH CLEAR/SET INPUT 

The circuit of a flip-flop and its clear/set input is 
shown in figure 26. The basic flip-flop can have up 
to five set inputs and five clear inputs. In this figure 
only one of each is shown. The set input is fed by a 
three-way AND gate , of which one input comes from 
the clear /set network. 

The clear/set network enables the flip-flop to be 
cleared and reset by the same gating pulse. In many 
cases, this will be a 25ns clock pulse. Figure 27 
shows the logical representation of this circuit and a 
timing chart for the clear/set operation. 

A +0. 2v one clear/set input to A results in +0. 2v 



i this state, D and E both are producing one 
outputs and the flip-flop is an indeterminate condition. 
However, when the clear/set pulse drops, the one out- 
put from A allows E to switch to zero, providing feed- 
back to D which holds the flip-flop in the set condition. 



Meanwhile, the zero output of B has forced C to re- 
move the set input from D, but the delay time through 
B and C allows the set input to stay up long enough 
after the clear input drops so that the flip-flop as- 
sumes the set state. 



CIRCUIT LOADING 

One circuit, wl 



may 



a common-collector 



connection of several transistors, can drive severa 
other transistors which can be on the same module 
or on a separate module , or a combination of the two 



one outputs from BandE. This simultaneously clears Figure 28 shows examples of loading, 
the flip-flop while enabling AND gate C to reset it if 



♦ 0.2V I 



+ 0.2V ! 



CLEAR/SET 

PULSE 
+ 0.2V I 




SET OUTPUT 



CLEAR OUTPUT 



INVERTER OELAY ASSUMED 5 NANOSECONDS 




1 



I 



10 
I 



I 



20 
I 



NSEC 



30 

t 



I 



40 
I 



I 



50 
I 



CLEAR/SET PULSE 




I 






A 




B 




C 




FF INITIALLY SET 








-GOING SPIKE 



E 




FF INITIALLY CLEAR 








E 




Figure 27. Flip-Flop Logical Representation and Timing Chart 
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Typical Fanout 





transistors are adjusted to balance and limit the base 
currents. This loading arrangement allows ample 
slave networks to provide multiple outputs. 

Table 4 lists component variations for circuit load- 
ing within a 



!ule. 



Table 4. Component Variations for Circuit Loading 



Driver 
Collector 

Resistor 



1 Load 



2 Loads 



3 Loads 



4 Loads 



5 Loads 



680 



680 



680 



560 



470 



Base Resistor 

of Driven 
Transistors 
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100 



150 



150 



150 





Logical Representations 



Figure 28. Base Resistor Loading 



transistors 



the same mod 



ule. 



loading 



base threshold voltage and corresponding base 
demands. For each load configuration, the 



collector resistor 



the driven 



Other load limits apply when the circuit load is on 
a separate module. A circuit can simultaneous ly drive 
up to two transistors on the same module and up to 
two transistors on a separate module. Loading in this 
case accounts for the loss on the transmission line 
connecting the two modules as well as variations in 
base threshold voltage noted earlier. The significance 
of this loading scheme is presented in the discussion 
on line drivers . 

Table 5 lists component variations for a transistor 
driving loads within the same module, in addition to 
the twisted pair line. 



Table 5. Component Variations 





Driver I 


Output 


Number of 


Collector I 


Line 


Local Loads 


Resistor I 


Resistor 


None 


470 


56 


1 


470 


56 

• 


2 


470 


56 



Base Resistor 
of Driven 
Transistors 



100 



200 



Output 

Shunt to 
Ground 



120 plus Diode 



LINE DRIVERS 



Modules which are located on the same chassis are 
connected with twisted-pair lines; modules located on 
separate chassis are connected by coaxial cable. Line 

driver circuits are provided for each type of trans- 
mission line. 



TWISTED-PAIR DRIVER 

The twisted-pair driver is shown in figure 29. 
Initially, consider Ql conducting so that its collector 

is at +0. 2v* With Q2 off, the transmission line is 

terminated in an open circuit* 

A +0.2v one input causes the collector of Ql to 
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Figure 29. Twisted-Pair Driver 



to +1. 2v 



Itage is greater than the +0. 8v 



diode threshold . and 3.3ma of the resulting 10t 



ground 



through R2 is diverted through R3andCRl 
The remaining 6.7ma passes R4 and is 



placed on the line with a voltage of +0. 9v (1.2v - 
6.7ma x 56). 

A finite time later this wavefront reaches the end 
of the line and appears at the input to R5, the base 
resistor for Q2. Since, at this instant, the voltage at 
the base of Q2 is +0. 2v, this voltage adds to the in- 
coming wavefront to result in a voltage of +l.lv at the 
input to R5. 

At the next instant, the Q2 threshold is exceeded 
and base current flows . The base does not draw all of 
the current which is available in the line since it does 
not conduct appreciably below the -HL 8v threshold. 

Thus, the source voltage for the base is +0. 3v (+1. Iv 
- +0. 8v) and resistor R5 limits base current to 2ma. 

Transmission line theory shows that power is re- 
flected back to the source when the line is terminated 

in a load which does not absorb all of the transmitted 

M 

power. Transmission line formulas for terminal 
voltage (V T ) and current (It) in this case show that 

the reflected wave has a current component of 4. 7 ma 
and a voltage component of +0.3v. The terminal point 

is at the output of R4, the input to the line. 



Example 4 



V = V - V 
T V F R 



and 



I 



T 



Where: T - Terminal 

F = Forward Com- 
ponent 

R = Reflected Com- 
ponent 



V 



R 



+1.1 



(+0.8) = +0.3v 




6. 7ma - 2 ma = 4. 5ma 



The reflected current is shunted to ground by diode 
CR1. In the absence of CR1, the line voltage rises to 
the +€v source. 

The low base current, resulting from the line mis- 
match, retards the buildup of ground noise which oc- 
curs as a result of large ground currents . 

The shunt diode and series resistor R3 are re- 
placed by a transistor and its base resistor when it 
is necessary to drive a circuit on the same chassis 
and a circuit on another chassis. The transistor and 
diode thresholds are almost identical so that circuit 

operation follows the same principle. 



The time required by a wavefront to travel down 
the line is a function of the type of line and its length. 
The twisted-pair line provides a theoretical delay of 
1. 3ns per foot. For example, the block system uses 
this feature to establish the 25ns duration of clock 
pulses. 

The twisted-pair driver is represented on the logic 
diagrams by the standard square or circle* However, 

the output of the square or circle is connected to a 

pin of the module in question and wired from there to 
a pin on another module. The ground wire of the pair 
is wired to the connector ground bus of each module. 



COAXIAL CABLE DRIVER 

r 

The coaxial cable driver is shown in figure 30. All 
transmissions between chassis are 25ns pulses on 

coaxial cables. 

Initially, Ql and Q2 are off so that their collectors 
are at the source voltage, +6v. No current flows in 
either primary winding. When Ql is turned on, a 
lOma current flows in the transformer primary wind- 

r 

ing to which its collector is connected. The voltage 
drop across R3 and step-down action of the trans- 
former (and transformer loss) produce a voltage pulse 
on the secondary winding of approximately +1.38v. 



23 



+6V 



IN 



> 

FORWARD WAVE 
1.38V 
I9MA 



»-K> 




< 

REFLECTED WAVE 

4MA 



20MA 




Z LINE * T3fl 



OUT 



43 



LINE DELAY = 1*5 NSEC/FT 
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Figure 30. Coaxial-Cable Driver 



The pulse duration on the line follows the 25ns pulse 
on the base of Ql. This pulse travels down the coaxial 
cable and turns transistor Q3 on. Resistor R4 ter- 
minates the line in slightly lower than its character- 
istic i mpedance of 75 ohms. Approximately 20ma of 
secondary current is shunted to ground through R4L 
Q3 draws approximately 3 ma base current. 

Capacitor CI couples the change in Ql collector 
voltage to the base of Q2. Capacitor CI, R3, R2, a 
the base/emitter diode of Ql cause Q2 to conduct 
about 25ns later than Ql, When Q2 conducts, current 
flows in the primary winding to which the Q2 collector 
is connected. The resulting signal in the transformer 
secondary is equal to but of opposite polarity from the 



previous signal and lags by 25ns. The net effect of 
this is to provide an equal and opposite magnetizing 
force for each pulse in the transformer. This pre- 
vents the transformer from building up a bias on the 
line which could occur under the high switching rates . 

The coaxial cable driver circuit is represented on 
logic diagrams as shown in figure 30. The time delay 
on the 7 5-ohm coaxial cables is 1 . 5ns per foot. All 
coaxial cable lengths are standardized at 10 feet to 
allow synchronous timing signals on all chassis . Co- 
axial cables pass directly through a chassis feed- 
through connector (without soldering) and connect 
directly to the transmitting or terminating circuit. 
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CHAPTER 3 INTRODUCTION 



PERIPHERAL AND CONTROL The Control Data 6000 Series computers have 10 

PROCESSORS peripheral and control processors. Each peripheral 

and control processor is an independent computer with 
4096 words of core storage and a repertoire of 64 in- 
structions. The peripheral and control processors 
share access to central memory (read and write) and 
12 bidirectional I/O channels. 

The 10 processors are combined in a multiplexing 
arrangement which allows them to share common hard- 
ware for arithmetic, logical, I/O, and other operations 
without sacrificing speed or independence. This multi- 
plexing arrangement consists of a barrel and slot and 
common paths to and from storage and I/O circuits 
(figure 31). 

The barrel is a matrix of flip-flops used to hold the 
current instruction and operand for each of the 10 proc- 



essors and to give each a turn to use the execution 
hardware in the slot (adders, shift network, etc.). 
The quantities in the barrel are shifted from slot output 
to slot input (counterclockwise in figure 31), and each 
time a processor's data enters the slot a portion of the 
instruction is executed (one trip around the barrel 
requires 1000 ns, or one major cycle). 

The slot is the execution hardware (adders, incre- 
mental etc. ) which does the actual arithmetic and 
logical operations, advances the program address, 

etc. 

Each processor has its own independent 4096 word 
memory which may be referenced once each major 



(once each trip around the barrel) 
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10 MEMORIES, 4096 WORDS EACH, 12-WT 
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EXTERNAL GCMPMENT 



Figure 31. Peripheral Processors 



There are 12 bidirectional I/O channels which are 
available to all 10 processors. 

The peripheral and control processors read data 
from input devices, perforin preliminary arithmetic 
and logical operations, send data and programs to 



central memory, assign tasks to the central proces- 
sor, read central processor results from central 
memory, and send results to external storage (mag- 
netic tape, disk file, etc.) or output devices (line 
printer, display console, etc.). 
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PERIPHERAL AMD CONTROL PROCESSOR CHAR- 
ACTERISTICS 

Characteristics of the peripheral and control proc- 
essors are: 

• 4096 word magnetic core storage (12-bits), ran- 
dom access, coincident current. Major cycle 
is 1000 ns. Minor cycle is 100 ns. 



The two instruction formats allow several modes 
of addressing operands which include: no addressing, 
direct addressing, indirect addressing, memory ad- 
dressing, and constant addressing. See 6000 Series 
Reference Manual for explanation of each 



•ho 



le. 



TIMING 

Timing is controlled by a master clock loc ated on 
• Twelve bidirectional I/O channels which are chassis 8 in the 6400 and on chassis 1 in the 6600. 
available to all processors. Maximum transfer Timing of the peripheral and control processors is 



rate per channel is one word/major cycle. 

• Real-time clock uses 4096 counts per clock 
period (major cycle). 



controlled by a four-phase clock regeneration system 
(figure 33). Four 25-ns pulses are issued each minor 



cycle to control movement of data and instructions. A 



storage sequence control system, timed by the four 




The instructions set includes arithmetic, logical, phase clock, controls storage references ai 
I/O, central memory read/write, and exchange the 10 peripheral and control processors . 



defines 



jump instructions. Average instruction execu- 
tion time is two major cycles. 

Indirect addressing and indexed addressing are 
available. 



A peripheral and control processor instruction may 
have a 12-bit or a 24-bit format. The 12-bit format 
has a six-bit operation code ( F) and a six-bit operand 
or operand address (d). The 2 4- bit format uses the 
12-bit quantity (m), which is the contents of the next 
program address (P + 1), with d to form an 18-bit 
operand or operand address. 



Op Code 

F 



Address 



d 



12-Bit Format 



25 ns 75 ns 




n 



(Phase 2) I 



(Phase 3) i 



T25[_n 



n 




T50 



i 




(Phase 4) i 



T75 



(Phase l)i 





Figure 33. Four-Phase Clock Regeneration System 



Op Code 

m _ . _ _ . _j _i i M 

F 




(P) 



Operand + Address 



d 




(P+l) 



m 



24-Bit Format 



Figure 32. 12- and 24-Bit Instruction Formats 



PPU TIMING 

The timing for the peripheral processor chassis 
is a result of the clock regeneration circuit located 
on chassis 1 (figure 34). A pulse is received on chas- 
sis 1 from the master clock on chassis 3 every 100 ns. 

The clock regeneration circuit located on chassis 1 
regenerates four 25-ns pulses which are, in turn, 
fanned out for timing. 
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Figure 34. Clock Regeneration Circuit 



REGISTERS 

The barrel contains the A, P, Q, and K registers 



for each of the 10 processors . The functions of these 
four registers in the barrel are as follows : 

A register (18 bits) holds one operand for add 
shift, logical, and selective operations. The 
18-bit quantity in A may be an arithmetic oper- 



and, central memory address 
tion or data word. 



I/O fane 



• P register (12 bits) is the Program Address 
register. ( P) is also used as a data address in 
certain I/O and central instructions. 

• Q register (12 bits) holds data for a variety of 
functions. These include: The address of the 
operand during direct addressing; The address 
of the address of the operand on indirect addres- 
sing; The peripheral address of data used during 



central read or write instructions; The upper 
six bits during constant mode instructions ; The 

channel number on all I/O and channel jump in- 
structions; The shift count on shift instructions; 
The specific number of locations to jump on rel- 
ative jumps. 

• K register (9 bits) holds the F portion of an in- 
struction word and the trip count (the number of 
times an instruction has been around the barrel). 



Figure 35 shows the inputs and outputs of the regis- 
ters in the barrel and the sequence in which they occur. 

A storage address lor a particular processor is 
taken from the barrel six minor cycles before that 
processor is ready to enter the slot. This allows time 
for operands to be obtained from storage and entered 
into the barrel before slot time. Similarly, K is sent 



to translation networks in time to be fully translated 
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Figure 35. Barrel 



before the processor reaches the slot. The dead start Outputs 
inputs shown in figure 35 are discussed in the section 



on dead start* 



A 




M. (A) can be sent as a data or function word 



on one of the I/O channels. 



A 




A REGISTER 

The A register in the barrel receives the results 
of add, shift, logical, or selective operations in the 
slot. Each result may be stored, returned to the slot to Y and then to storage 



Central Address Register. (A) is the central 



memory address in Central Read and Write and Ex- 
change Jump instructions. 



A 




Y. This is a Store instruction. (A) is sent 



unaltered, or used to condition other operations. The 



A register tests to determine whether it is positive, 
negative, zero, nonzero, or one. The results of these 
tests can be used to condition jumps or other instruc- 
tions. The quantity in A may be a full 18 bits, as in 
the case of central instructions , or the A register may 
cpntain a 12-bit peripheral word in which case the up- 
per bits are zero. 



A 




Translation Networks. This is for sign and 



magnitude checks. 



Inputs 



X 




A. The content of the central Program Ad 



dress register is sent to the peripteral X register 



every 




inor cycle. A 27 Instruction sends (X) to A 



The connections to A in the barrel are described in and enables a peripheral and control processor to mon 



the following paragraphs. 



itor the progress of the central program 



4» 
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R 




A. An input to A instruction gates a word 



from an I/O channel into A* 



P REGBTER 

P holds the program address and is not changed in 



Fd 



A by the Fd 



A. A data word from storage is entered into the barrel except in the case of dead start. P is incre- 



A path. 



A 




A. When the quantity in A is to be returned 



to the slot unaltered, the A 




A gate is enabled. 



mented in the slot. As shown in figure 35 (P) is sent 
to a storage unit before slot time. This allows time 
to read a word from storage and make it available at 

slot time. (P) is sent to the G register which feeds all 



10,000 •— ♦A. When dead start is initiated, 10, 000 10 storage address or S registers (figure 36) 



A. 



&0 



From Slot 



To Slot 




Slot Commands 




Memory 



Figure 36. (P) 



G Register 




S Registers 



When a jump 



called 



sent to Q. Q 



altered by the Q adder in the slot and the new ad 
s returned to P at the first stage of the barrel. 



Q REGISTER 

Q holds the d portion of an instruction and has sev 
eral outputs to translation networks which select chan 

nels during I/O instructions. When d is an address 
(direct mode of addressing) , d is sent from the slot 
to Q in the barrel and the word obtained from that ad- 



dress is entered into A in the slot. When a jump is 
called for, the quantity in Q is added to or subtracted 
from (P) in the Q adder and the result sent to P. When 
an instruction calls for an 18-bit operand, the lower 
six bits of Q are sent to the upper six bits of A to form 

the 18-bit quantity dm. 



K REGBTER 



K holds the F portion of an instruction word and 
three-bit trip count which sequences the execution 
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an Instruction. K is translated at two different times 
during atrip around the barrel: first, to determine if 
a storage reference is needed; second, to provide the 
proper commands at the slot (figure 36). Daring the 
barrel trip in which a new instruction is being read 
from storage, a translation of K= 00X enables trans- 
lations from Fd in the storage cycle path to be used in 
place of K translations. This eliminates the need for 

a separate RNI trip through the barrel and allows some 
instructions to be read from storage and executed all 
in one trip. The K=OOX translation arises from the 
fact that K is cleared at the end of each instruction. 



Barrel Slot Barrel 




Figure 37. Elements of the Slot 

■ 

SLOT 

The slot contains the execution hardware for A, P, 
Q, and K, and each processor is allowed one minor 
cycle in the slot every major cycle. Included in the 
slot are the A and Q adders and the P and K incre- 
mentors. 

As A, P, Q, and K enter the slot (figure 37), K 

translations (started earlier in the barrel) become 
available and a portion (or all) of an instruction is 
executed . The results are gated back into the barrel 
to be stored, used again, or sent to I/O equipment. 

A ADDER 

The A adder (figure 38) is used to execute Add, 
Subtract, Selective Clear, Logical Product, and Log- 
ical Difference instructions. Parts of the A adder are 
also used to enter a word into the shift network and 
gate the result back to the barrel. The quantity in A 
in the barrel is always complemented when it enters 

the slot. When no operation on A is called for, (A) is 



complemented, sent to the A adder, and added to zero. 
The result is complemented at the adder output. Since 
the A and Q adders are basically alike, see the Q ad- 
der for detailed description of the adder operation. 
The add gate on the QD modules (figure 38) is always 
enabled, except when Selective Clear, Logical Product, 
or Shift instructions are enabled. 

Add 

For an Add instruction, (A) is complemented and 
entered into the A Input register. The second oper- 
and is also inverted before entering the B Input regis- 
ter. The two quantities in the input registers , taken 
as positive , are added and the sum is complemented 
as it is gated out of the QD modules to the barrel. 

M 

r 

Subtract 

For Subtract instructions, the minuend, in the A 
register, is complemented in the adder. The subtra- 
hend is entered into B without being complemented and 
the two quantities are added as in an Add instruction. 

Selective Clear 

For selective clear operations , the complement of 
A and the true value of d are entered into the adder 
while both the selective and the logical product gates 
are enabled. 

Logical Product 

For Logical Product instructions , both A and d (or 
dm) are complemented before entering the adder and 
both the logical product and the selective gates are 
enabled. 

Logical Difference 

For Logical Difference instructions, the comple- 
ment of A and the true value of the second operand 
enter the adder, and only the selective gate is enabled. 

Shift Network 

The Shift instruction (10) provides for shifting the 
number in A up to 31 places left or right. Left shift 
is c ir cular with the high-order bits reentering A at 
the low-order end. Right shift is end-off with low- 
order bits discarded as they shift out of the A regis- 
ter with no sign extension. Thus, a left shift of 18 is 

equivalent to no shift, and a right shift of 18 clears 
the A register. 

The shift network (figure 3d) is a static network. 

The content of A enters the register at time 50, each 
bit follow 8 a path established by static translations of 
the six-bit shift count in d, and the result reenters A 
in the barrel at the next time 50. The input to the shift 
network comes from the A Input register in the A 
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Adder 



adder (the content of that register 



before entering 
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Shift register) 




is complemented 



The 



output of the 



shift network 



output 



is gated back to the barrel by way of the 



modules 



(QD) 



of 



the 



A 



adder 




Note 



that 



the 



quantity in A is always shifted, but the result is gated 



to 



the 



barrel 



only 



when 



the 



current 



instruction 



is 




Shift instruction 






is 



positive 



(00 



37 8 ) 



the 



shift is 



left 



and 



the 



shift count is the content of 







is negative (40 



77 




the shift is right and the shift count is the complement 

of the number in 




At the 



f i r st 



stage 



of the 



shift 



network 



d4 



and d5 



are 



tested to determine whether 



the 



shift is greater 



or less than 



16 



and whether 




is 



right or 



left 




40). 

at this 



the 



shift is 16 or greater 



9 




shift of 16 



is 



(figure 

made 



point, 

shift network 



and the result then enters the rest of the 




Bits 



dO 



through d3 



are 



tested 



with 



d5 



as 



shown in 



figure 
work. 
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to 



set 



up paths through the 



rest 



of the 



net 



Figure 



39 



shows 



the 



path 



of 



bit 




for 




left 



shift of six places 
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GENERAL THEORY OF ADDERS 



In general, adders are usually defined in two man 



ners 




whether 



they 



are one 




or 



two 




complement 



or 



9 



whether they 



are 



additive or subtr active. A one 




around 



carry 



complement adder is one where an end 

is used. Subtractive or additive definition is based on 

result that the adder will yield for certain sets of 



the 



operands 
result is 




In 
only 



an 



additive 



adder 



> 



positive 



zero 



as 




obtainable 



by 



adding positive 



zero 



to 



positive zero. All other combinations of adding 




zero 



and 



+ 



zero will result in negative 



zero 
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Additive Adder Results 



Subtractive adders 



are 



converse 



in 



the 



results 



when adding 



+ 



zero 




Example 
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register in the 



42) 
the 



which can advance 



barrel 



unchanged 




slot 

(P) by 

When 



is 



an incrementor (figure 



one 



or 



send 



( P) back to 




is 



to 



be 



changed 



by 



more than one 



9 



the 



arithmetic is done in the 




adder 



and the result is entered into the first FF of P in the 
barrel. 
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Subtractive Adder Results 
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subtractive 



adder 
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obtaining negative 



zero 
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result is only possible 



by 



adding negative 



zero 



to 



negative 



zero 
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Figure 43. Q Adder 
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Q Adder Operation 

The A and Q adders in the peripheral processors 
operate in the same manner, in the following expla- 
ation the Q adder is used since the 12-bit word size 
is more convenient to work with than the 18-bit word 
size of the A adder. 



Adder Operation 

A discussion of general adder operations must be 
based cm the type of adder being considered. Postu- 
late a one's complement additive adder which 



takes 

use of carries. This adder is made up of the follow- 
ing parts: a set of circuits to determine the half add 
(partial add) of the two operands; a set of circuits to 
determine carries and carry propagation; and a set of 
circuits that combine the half add and the carries to 

determine the final answer. 
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Figure 44. Adder Elements 



the two operands are unlike, the result is a one. This 
can be simplified to having equivalence or not having 

equivalence to determine the half-add result. 



Carry Network 

Next, consider how carries must be handled in a 
12 -bit adder. Divide the adder into four groups of 
three bits each. Call each bit a stage and every three 

stages a group. 







Group 3 



Group 2 



Group 1 Group 



Figure 45. Carry Network 



Determination of propagation and generation of 



carries is based on the same factor 



as are used In 
normal paper and pencil addition. That is, if you add 
seven and one octally , you obtain an answer of 10, a 
zero result for that digit position and a carry to the 
next position (example 8). 



Example 8 



^-Carry 



XXX7 



XXXI 





Then we can say that in our adder, considering bi- 
nary stages, that a one and a one is a generate, that 
a zero and a zero is a satisfy, and that a one and zero 
is a pass (enable). 



Example 9 



1 







1 or 






Generate (G) 



Satisfy (S) 



Pass (P) 



Considering each component separately, we shall 
begin with the half-adder. The half-adder is con- 
cerned with only the partial add of the two operands 
and does not consider any carries; therefore, the half- 
adder must recognize the combinations shown in exam- 
ple 7. 



Example 7 




Operand 1 


1 





1 





Operand 2 







_0_ 


r 

j. 


Partial Add 








1 


1 



One example of carry propagation we must consider 

is the end- around carry (EAC). This occurs when a 
carry from group three is sent to group zero* 

This end-around carry could have been generated 
in any of the groups and not satisfied. Example 10 



illustrates all possibilities. 



Example 10 



EAC = (GGO) (GS1 ) (GS2 ) (GS3 ) + 



(GG1) (GS2) (GS3) 

(GG2)(GS3) + 
(GG3) 



+ 



We can see that there are four possibilities for two 
operands but that there are only two possible results. 
Whenever the two operands are alike, whether both 
zeros or both ones, the result is a zero. Whenever 



Notice that the equation was written at the group 
level. What determines the condition of a group? 
For a group to be a generate, conditions shown in 
example 11 must be present. 
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Example 11 



GG = SG2 X 



X 



+ 



SE2 SGI X 



+ 



SE2 SE1 SGO 



Case 1 
Case 2 



Case 3 



First 

Group 

Condition 



Example 14 

<E)(C~) = 
<E)(C) = 1 
(E)(C) = 1 
(E)(C) = 



The preceding equations state that a group generate 
idition exists if the highest stage is a generate, or 



the highest stage is an enable 



the second stag* 



is a generate, or if the two top stages are enables and 
the lowest stage is a generate. There is a fourth con- 



ere a group can be 



ing a carry upward 



but is not generating 



This occurs when a group 



receiving a carry and is not satisfying 



The group 



enabling, and it is called a group enable (example 



12). 



Example 12 



(GE = SE3 SE2 SE1) Second Group Condition 



The third condition is that a group could be satis- 
fying. This occurs when the group satisfies a carry. 
A consideration must also be made when a group is 
both satisfying and generating carries. The group 
has a satisfy possibility, but it will generate anew 
carry at a different position. 

In summary, the following rules can be made about 
carries and carry propagation: 

• A carry will be generated by a one and one con- 
dition 



The c arry will propagate upward until it is sat- 
isfied 

Carries must be considered within a group and 
also between groups 



Final consideration is to the carry and half-add 
summation network. This network must make a deci- 
sion, bit-for-bit, on the results of the stage equiva- 
lence and the possibility of a carry. The ensuii 
carry into a stage will complement the results of the 
half-add as shown in example 13. 



The following operands can be added in accordance 
with the pr eceding rules. 



Example 15 



Operand 1 
Operand 2 



1234 
5670 
7124 



Operand 1 
Operand 2 

Equivalence 

Carry Inputs 



ESG 
001 
101 

Oil 
Oil 



EGS 
010 
110 



EGG 

011 

111 



ESS 
100 
000 



011 
101 



011 
110 



011 
000 



111 



001 



010 



100 



The two numbers can be added 



two operands in binary notation. Then, by using 
rule for equivalence, perform the half- add. 



the half- add. At the 
top of each stage position, mark down the condition of 
that stage so that those which have carry inputs can be 
determined. Once all stages that have carry inputs 
are known, form the final answer by comparing the 

condition of the half-add with the status of the carry 
input. 



Q ADDER 



compare the Q adder 



The 



com 



the Q adder 



equivalence or not equivalence of each particular stag 



the operand. 

Figure 46 illustrates the equivalence 



The 



inputs are the two operands to be added. As these in- 



puts move through the 



equivalence 



mined. Hie input to inverter X is (Q + H)((Q)(H)) 



Example 13 



Operand 1 
Operand 2 



Results with No Carry Input 
Results with Carry Input 



1 





l 







JL 




_1 








l 


1 


l 


l 









The four equivalence/carry possibilities are equiv- 
alence with a carry, equivalence with no carry, no 
equivalence with a carry, or no equivalence with no 
carry (example 14). 



Q+H 




(Q)(H)+(Q)(H) 




(Q)(H) 



Figure 46. Equivalence Circuit 
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To determine the condition which produces a logical 



Therefore, pin 14 = ((Q5)(H5)) + (Q5 + H5) ((Q4)(H4)) + 



one output of inverter X, the two inputs a re ANDed (Q4+H4)((Q3)(H3)) (Q5 + H5). The above equation bas- 



and then NO Ted as follows: (Q+H) ((Q)(H)). The a 
swer can be found by working out the equation as shown 
in example 16. 



Example 16 
Inverter X Output = (Q+H) (?5)(H) 



Equation 




First 
Second 
Third 
Result 



(Q+H)+(Q»H) De Morgan's Theorem 

(OT+H)+(Q»H) Double Negation 

(Q*H)+(Q*H) DeMorgan's Theorem 

Q «H + Q »H Equivalence 



the equivalence has been fou: 



Hi 



the next 



component to examine is the carry circuity. Since the 



adder is symmetrical 



can examine the circuits 



group, knowing that these same circuits are 



repeated 



example, examine the carry input 



group 



CARRY 




GROUP 3 
(CARRY) 
(SATISFY) 



GROUP 2 

(CARRY) 
(SATISFY) 



(CARRY) 
(SATISFY) 



GROUP 
(CARRY) 
(SATISFY) 



EAC 



Figure 47. Carry Input Circuit for Group 



The complete circuit consists of the group condi- 
tion circuits for all four groups. These are located 
on L6, L7, L8, and L9. All of these circuits feed a 
carry summation network located on L10 which deter- 



to 



The above 



stated configuration appears four times for the Q ad- 
der. 

Looking at the module that decides the group condi- 
tion (such as module L7) we see inputs coming from 
all stages in that group. Example 17 lists the condi- 
tions in Boolean notation. 



Example 17 

Inverter A - Q3 + H3 
Inverter B = Q4 + H4 
Inverter C = Q5 + H5 
Inverter D = (Q3)(H3) 
Inverter E = (Q4)(H4) 
Inverter F = (Q5)(H5) 



ically says that in order to get a one out from pin 14 , 
any one of three conditions must exist. 



The most significant stage is a generate 



<(Q5)(H5)) 



1 
1 



The most significant stage is an enable 



(Q5 + H5 ) 



1 





1 



generate ((Q4)(H4)) 



and the second stage is a 



1 
1 



The most significant two stages are both enable 



(Q5 + H5)(Q4 + H4) 



1 





1 



and the lowest stage 



is a generate ((Q3)(H3)) 



1 
1 



Therefore, if pin 14 is a one, group 1 is generating a 

If this carry cannot be satisfied in a higher 



carry 



group, it will develop an EAC . 

A second signal that must foe generated from L7 
indicates whether group lean satisfy an incoming car- 
ry. Pin 20 indicates the satisfy condition for group 1. 
Using Boolean notation, pin 20 = (Q5 + H5)(Q4 + H4) 
(Q3 + H3). 

This equation states that there is at least one one 
in every stage. This indicates that there are no sat- 
isfies present in this group since a satisfy is a Jj. 

The outputs of L7 (pins 20 and 14) go to the carry 
summation circuit on module L10, accompanied by 
similar signals from all other groups. The outputs 
of L10 (pins 21 and 7) determine if a carry enters 
stage 0. A zero at either pin indicates a stage in- 
put carry (EAC). Example 18 shows the conditions 
after examination of the circuits on L10. 



Example 18 



Inverter C = GG3 Carry + GG2 Carry ( 
Inverter E = (GG3 Satisfy)(GG2 Satisfy) 




Inverter A = GG1 Carry + GGO Carry (GG1 Satisfy) 

If pin 21 is a zero, indicating a carry, the situation 
is group 3 generating, or group 2 generating and group 
3 not satisfying. If pin 7 is a zero, the situation is 
group 3 not satisfying, group 2 not satisfying, and 
group 1 generating; or group generating and group 1 
not satisfying. 



Stage Carry 

Up to this point, the discussion has concerned 



groups 



Now we shall examine the effect of carries 



within the group between stages. Examining a typical 



38 



module, such as L6, we find three stages of the Q 
adder. The term X represents a carry input to the 
group. The first situation considered is what occurs 
if the lowest stage receives a carry input (X). This 



can only happen with an end-an 



carry condition. 



For the second stage to have a carry input, the lowest 
stage must generate a carry, or a carry must be com- 
ing in and the lowest stage is not satisfying. 



EAC 



Q+H 



QH 




Carry- Up 



Carry-Up 



Figure 48. Carry-Up 



figure 48 shows that to get a carry output to the 
second stage , either Q and H must both be ones, indi- 
cating a generate, or an EAC must be present and 
stage must not be a satisfy (Q+H). For a carry in- 
put to reach the third stage of a group, the following 
conditions must be present. First, the second stage 

is generating a carry (QH); second, Hie first stage is 
generating a carry (QH) and the second stage is not 
satisfying (Q+H); or, third, there is an EAC w 
first and second stages are enabling (Q+H). 



the 



(QH) 1 
EAC 



(Q+H) 

(Q+H) 
(Q+H) 

(QH) 







1 

1 








Carry -Up 



Carry -Up 



Figure 49. Carry- Up 



The rules illustrated in example 19 are used after 
determining the equivalence and carries using the 
complemented operands that are in the feeder reg- 



isters. 



K REGISTER 

K in the slot consists of a three-bit trip counter for 
the lower three bits (figure 52) and a fan- in for the 
upper six bits. The Advance K signal to the trip coun- 
ter is enabled by instruction translations. For some 
instructions, the Advance K signal is controlled by 
signals which indicate status, i.e., the 5X0 trip is 
skipped by all 5X instructions if d=0. And, when K = 
732, K is advanced only if the I/O channel is empty 



and active ai 



III 



A=l. 



The three-bit trip count controls the sequence of 
operations for each instruction and is sometimes 
changed by gates other than the trip counter. For in- 
stance, for a Central Write instruction (63), K is 
changed from 637 to 633 to repeat the sequence of 
commands and send another word. When a 63 instruc- 
tion is completed, K is changed from 637 to 733 to 
finalize the instruction and obtain the next instruction 
from storage. 

The fan-in to the upper six bits of K allows the in- 
struction code (F), to be entered into K from storage. 



The K 



K path allows another trip around the bar- 



rel for the present instruction. The path K=340 is 
used by Replace instructions which automatically use 
the Store instruction (34) to accomplish the store por- 
tion of the Replace instructions. 



Equivalence 



Carry 



Carry 




e Results 



Adder Summation Network 

The last component of the Q adder to be considered 
is the adder summation network. This circuit must 
consider the results of the equivalence network and 
the carry input for each stage to determine the final 
answer . 



Example 19 

(C)(E) - 1 

(E)<0 = 1 
<E)(C) = 
(E)(C) - 



Figure 50. Summation Network 



One point that must be brought out at this time is 
the definition of the Q adder. The Q adder is defined 
as a subtractive device. The only way of generating 
a negative zero in this device is to add negative zero 
to negative zero. However, all of our discussion has 
been based cm an additive adder. The adder is actu- 
ally additive but by inverting the input operands and 
inverting our final results, the adder appears as a 
subtractive device. 
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f 



Operandi 



Operand 2 




figure 51. Q Adder 



Results 
► 



The inversion principle can be proved by using cer- 
tain test operands and proceeding as the adder device 
actually operates (table 6). 

We have shown that the results of step 4 in table 6 

are the desired results because we inverted our input 
and the final answer before sending it to the barrel. 

Considering the necessity for the preceding inver- 
sion, we must now alter our original equation for de- 
termining the final result of the adder. Hie rules are 
listed in table 6. 



Table 6. Adder Progression of Two Test Operands 



Step 
Number 


Test Operands 


Case 1 


Case 2 


Case 3 


■ 1 

Case 4 


Case 5 


i 


1 

2 


0000 
0000 


0000 
7777 


1 7777 

0000 


1 7777 1 

7777 


1 2525 

5252 


2 


Desired Results 


0000 


0000 


0000 


7777 


7777 


3 


Additive Adder 
Results 


0000 


7777 


7777 


7777 


1 * 


4 


Inverter Input 
and Final Results 














Inverter Input 


7777 
7777 


7777 
0000 


0000 
7777 


0000 
0000 






Adder Result 


7777 


7777 


7777 | 


0000 






Inverter Output 
Results 


0000 


0000 


0000 


7777 





K-K 



From Barrel 



340-K 



Slot Time 



2 



2 



To Barrel 



From Barrel 



K + 1 



Increment 



2 








To Barrel 



Figure 52. K in Slot 
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input/output 



scribed in a separate manual. 



Each of the 12 independent I/O channels can handle I/O pulse signals into the signals required by I/O 
12-bit words at a maximum rate of one word every devices and changes input signals to the pulses re- 
major cycle (lmc rate). Each channel has an active/ quired by the I/O channels. Synchronizers are de- 

inactive FF and a full/empty FF (figure 53) which in- 
dicate channel status to the processors. Any channel 
can be used by a processor, but the external equip- 
ment assigned to a channel is wired in and can be 
assigned to another channel only by changing cable 
connections. 



MSS 




Figure 53. Channel Controls 



The lines of an I/O channel are shown in table 7. 



Table 7. I/O Channel Lines 



Input 



Data or Status Reply 

bits) 
Active 

Inactive (Disconnect) 

Full 
Empty 



Output 



Data or Function Word 



bits) 



Active 



Inactive 

Full 

Empty 

Function 



Two clock signals are available to external equip- 
ment. They are a lmc clock and a 10 mc clock. The 
clock pulses are 25ns wide, as are all data and con- 
trol signals (except Master Clear). A synchronizer 
for each external equipment (or group) changes the 



Master Clear (De ad-Start 

Data/ F unction 

Active 
Inactive 



Data 



Channel 



Full 
Em 
Function 



Equip 



Sync 



Full 



Em 



Inactive 



Data 



tatu 



Figure 54. Channel Lines 



An I/O channel can be used for communication be 



tween proce 




it is selected for input by one 



processor and for output by another. The status of 
i/O channels can be sensed by instructions 64-67: 
Jump to m if Channel D Active, etc. 



I/O INSTRUCTIONS AND SIGNALS 



MASTER CLEAR 



A Master Clear (MC) signal is generated only by 
the dead start circuit. MC removes all equipment 
selections (except dead start synchronizer) and sets 
all channels to the active and empty condition (ready 
for input). MC is a one jd sec pulse which is repeated 
every 4096 ms while the Dead Start switch is on. 



DISCONNECT (75) 



A Disconnect instruction clears the channel active 
FF, if it is set, and sends an inactive pulse to the 
equipment on that channel. If a Disconnect instruction 
is given for a channel which is already inactive, the 
processor which issued the disconnect hangs up and 
is not able to continue to another instruction until the 
channel is activated by another processor or by MC. 



FUNCTION (76 OR 77) 



A Function instruction sends a 12-bit function code 
(from A or Fd) on the data lines and also sends a 
Function signal. It also sets the active and full FFs 
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for the channel but does not send active and full pulses. 
During a function, Active and Full are important to 



the channel but not to the external equipment. 



Upon 



channel which is already active, the processor which 
issued the instruction hangs up until the channel is 
inactivated by another processor or by an Inactive 



receipt of the function code, the external equipment (Disconnect) signal from an external equipment on the 
sends an Inactive (Disconnect) signal which clears the 



channel . 



active FF which, in turn, clears the full FF. If a 



function instruction is given for 



active channel 



the processor hangs up until the channel is deactivated. 



INPUT (70, 71) 

An Input instruction (70, 71) can call for an 



ACTIVATE (74) 

An Activate instruction sends an Active signal on 
the channel and sets the active FF if the channel is 
inactive. If an Activate instruction is given for a 



of one word to A (7 0) 



(71) 



A block can be 



input 

* a block of words to memory 
small as one word. For either 



instruction, the control signals sent to and received 



from the external equipment 



similar. A 70X 



712 translation clears the full/empty FF and sends 



No 



No 



CHANNEL 
ACTIVE? 



Yes 



CHANNEL 
FULL? 




INPUT WORD 
SEND EMPTY 



A 



Yes 



A 



No 



A 



1? 



A-l 




A 



CHANNEL 
ACTIVE ? 



Yes 



No 



A-l 




A 



EXIT 



Figure 55. Input Operation 



Empty signal on the designated channel. When the 
input device sends a word on the channel, it also sends 
a Full signal which sets the full/empty FF. 



Full and Active signals enable the processor to 
store the input word or send it to A. A 70 instruction 
sends the input word to A and exits to the next to s true 
tion. A 71 instruction stores the word in memory, 

w 

reduces the count in A by one, and sends an Empty 



OUTPUT (72, 73) 

Output instructions (72 and 73) transmit one word 



from A or a block of words from memory on an 
channel. A block can be as small as one word. 



I/O 



An instruction translation of 72X or 732 and Empty 
and Active sets the Ml/empty FF and sends a full 
pulse and a data word on the channel. When the ex 
ternal equipment accepts the word, it sends an empty 



signal to the channel. A 71 instruction continues to pulse which clears the full/empty FF. Empty and 

Active enable the processor to continue the ins true 



read words until the word count in A is reduced to 

zero. The processor sends one more word when it 

senses that the previous read operation reduced (A) 
to 1. 



tion. 



A 72 instruction does not wait for the Empty 



signal but exits to the next instruction after sending 
one word. 
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Figure 56. Output Operation 



When the Empty signal is returned on a channel 

w 

which is being used for a 73 instruction, the processor 

reduces the word count in A by one and sends another 
word. A 73 continues to send words accompanied by 
full pulses until the required number has been sent. 
When the processor senses that A has been reduced 
to one, it sends one more word, obtains the address 

of the next instruction, and continues with its pro- 
gram. 



CPUO 



P Register 




CPU 1 



P Reg 
ister 



Register 



COMMUNICATION WITH CENTRAL MEMORY 

AND CENTRAL PROCESSOR 



Figure 57. Central P Address to A 



The peripheral and control processors can com 
municate with the central processor and central mem 
ory in several ways. They can read the central proc 
essor's program address, tell the central processor 
to jump to a given central memory address for its 
next instruction, or read from or write into central 

memory. 



Exchange Jump, Central Read and Central Write 
instructions all use (A) as a central memory address. 
(A) is unconditionally sent to address control in the 
central processor every minor cycle (figure 58). This 
address is recognized and used as a central memory 
address only if accompanied by a Central Read, Cen 
tral Write, or Exchange Jump signal. 



6400 ONLY CENTRAL PROGRAM MONITOR 



An 18-bit central processor program address is 
sent from each processor to the central program mon 
itor register XO or XI (figure 57) on chassis 1 every 
minor cycle. A Read Program Address instruction 
(2701 + 2700) sends the central address to the A reg 
ister. Thus, the progress of a central program can 
be monitored by any per iphe r al and control processor. 





Figure 58. (A) to Central Memory 
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CENTRAL BUSY 



A central busy FF (figure 59) indicates when a ref- 
erence to central is in progress. A central busy cob 
d it ion prevents initiating a central reference until the 
one in progress is completed. 



Centr 
Write 



Tim 



Centr 




Re sum 

Wri 
Resume 

Exchang 
Resume 



Figure 59. Central Busy 



EXCHANGE JUMP 




An Exchange Jump instruction is used to command 
the central processor to stop the program it is exe 
cuting and go to a central memory location specified 
by the instruction. An Exchange Jump can be issued 

any peripheral and control processor as long as 
the central busy FF is clear. The instruction sends 
an Exchange Jump signal to the central processor and 
sets the central busy FF. The Exchange Jump signal 
tells the central processor to recognize the 18-bit 
address sent from the peripheral processor and to 
perform an Exchange Jump. After the central proc 
essor has performed the Exchange Jump and started 
a new program, it sends a Resume signal which clears 
the central busy FF. This must be done before an 




a peripheral 
an Exchange Jump 



other central reference can occur 

r 

and control processor tries to issue 
instruction while the central busy FF is set, the proc 
essor must wait until the previous central reference 
is completed and the central busy FF is cleared. 



CENTRAL READ 



central until the read word is received. When a 60 
bit word is sent by central to the central read pyramid 
(figure 60), it is accompanied by two control signals, 
an Accept signal which clears the central busy FF, 
and a signal which sets the C5 full FF. Each rank of 
the central read pyramid (CI through C5)has an asso- 
ciated full/empty FF used to control the flow of data 
through the pyramid. C5 full and C4 empty enable the 
processor which is doing the Read instruction to send 
the upper 12 bits of C 5 to memory and the lower 48 
bits to C4. Subsequent steps in the Central Read in 



st ruction step the central word down through the py ra 
mid and store the rest of the central word as 12-bit 
peripheral words. Each step in this storage procedure 
requires that the next lower rank in the pyramid be 

empty before a transfer is made. No Central Read 
instruction can be issued until C 5 full and central busy 

FFs are clear. However, as many as four central 
memory words, in different stages of disassembly, 
can be in the central read py r amid at one time. A 
Read instruction, for which the proper full and empty 

conditions are not met is not processed until previous 
instructions progress further and the necessary con 
ditions are met. 

A 60 instruction reads only one central memory 
word and stores it as five peripheral words. A 61 
instruction reads a block of words specified by (d). In 
either instruction, the first central memory address 

is specified by (A). For a 60 instruction, d specifies 

the peripheral address at which the upper 12 bits of 
the peripheral word are stored; the next lower 12 bits 



go to d+1 



etc 



For a 61 instruction (d) gives the 



number of central words to be read, and m is the ad 
dress for the upper 12 bits of the first central word. 



60- Bit Word from 
Central Memory 




12 Bits to Memory 
12 Bits to Memory 



12 Bits to Memory 

12 Bits to Memory 
12 Bits to Memory 



Figure 60. Read Pyramid 



CENTRAL WRITE 



The Central Read instruction allows a peripheral 
and control processor to obtain one word (60-bits), or 
a block of words, from central memory. The instruc 
tion sends a Central Read signal to central address 
control enabling it to use the 18-bit quantity from A tral Write signal to central address control and sets 



Central Write instructions send one 60-bit word or 
a block of 60-bit words to central memory. Each 

60-bit word sent to central memory is assembled in 
the central write pyramid (figure 61) from five 12-bit 
peripheral words. A Central Write instruction as 
sembles a 60-bit word and sends the word and a Cen 



as a central memory address. At the same time, the 
central busy FF is set to inhibit other references to 



the central busy FF. The Central Write signal enables 
central address control to accept the 60-bit word and 
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E 



■ 

store it at -the address specified by (A). When the 



word has been stored 



an Accept signal is sent back 



to clear the central busy FF. Up to four Central Write 
instructions may be in progress at one time with por 
tions of four different words in Dl through D4. D5 is 
an output network only and cannot store a word. The 
first 12-bit word goes to Dl and is ike upper 12 bits 
of the 60^-bit word. When a second 12-bit word goes 
to D2, Dl is also sent to D2. When the fifth word goes 
to D5, the 48 bits in D£ are also sent to D5 and the 
60-bit word is sent to central. 



First Word 



Second Word 

Third Word 



Fourth Word 



Fifth Word 





60-Bit Word 
to Central 
Memory 



Figure 61. Write Pyramid 



DEAD START 



Dead Start is a system used to initially start the 
computer, dump the contents of the peripheral and 
control processor memories to a printer or other out- 
put device, or sweep memory without executing in- 
structions. 



The dead start panel contains a 12 x 12 matrix of 
toggle switches, a Sweep- Load- Dump switch and a 
Dead Start switch. It also contains memory margin 
switches which are used for maintenance checks. 

129 



Dead 
Start 

Switch 






LOAD 



To initially load programs and data into the 6400 



the Sweep- Load- Dump switch is set to Load 



The 



matrix of toggle switches is set to a 12-word program 



(up position equals one, down position equal 



) 



When the Dead Start switch is turned on a 1/isec dead 

V 

start pulse initiates the following actions. 





Assigns to each per ipheral and control processor 
the corresponding I/O channel 

Sets all I/O channels to active and empty 





Sets K for all processors to 712 (input) 

Sends a MC on all I/O channels 




Sets P for all processors to zero 




Sets A for all processors to a word count of 

10,000 



The dead start pulse is repeated every 4096 ^isec 
while the Dead Start (DS) switch is on. To start the 
6400, the DS switch is normally turned on momentar- 
ily, then turned off. Recycling of the dead start pulse 
is controlled by the Real-Time clock. The pulse is 
formed by ANDing DS switch On with the 12 bits of the 
Real-Time clock. 



When the dead start synchronizer on channel re- 
ves the MC sent by dead start, it sends a full pulse 
no data. When processor receives the full, it 



but no 

stores the content of the channel Input register (all 
zeros) in location 0000 and sends an empty pulse to 
the dead start synchronizer. The dead start synchro- 
nizer then acts like an input device and sends 12 words 



J 16 



115 




T9 



T8 



T5 



T6 



T7 





4096 p sec 





lpsec 




Figure 62. Detailed Timing for Dead Start Pulse 
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from the switch matrix (as 12 -bit words), and proc- 
essor stores them in locations 0001 through 0014 g 

After the last word, the dead start synchronizer sends 

a Disconnect signal which causes processor to exit 
from the 712 instruction and store zeros in address 
0015. Processor reads location 0000, adds one to 
its content and goes to 0001 for its next instruction. 
It then executes the 12-word (or less) program, which 
normally is a control program, which is used to load 

w 

information and begin operation* The other proces 
sors are still set to 712 and may receive data from 
processor via their assigned i/O channels using 



interchannel communications. 



tical with the 6600 PPU's previously described. 



The 



slight differences in the 26XX and 27XX instructions, 

the X registers, and a few module-type changes are 

explained in the following paragraphs. 



26XX INSTRUCTION 



The 260X instruction differs from its 6600 computer 

i 

counter-part in that the lowest bit is used to determine 
which CPU to Exchange Jump. The 2° bit equaling 
zero means CPU0 (chassis 2); the 2° bit equaling a 




(chassis 




the special central 



SWEEP 



If the DS switch is operated with the Sweep- Load 

Dump switch set to Sweep, all processors are set to 
a 505 instruction and P registers are set to 0000. 
Since the 50 instruction does not require five trips 
around the barrel, there is no logic to clear or ad 
vance K from 505. The 50X translation of K causes 
all processors to sweep through their memories, 
reading and restoring without executing instructions. 



one means CPU 
processor. 

The 261X instruction has the 2° bit CPU definition, 
and it is conditioned upon the contents of a flag FF in 
central memory control. The instruction may or may 
not Exchange Jump CPU X. The 261X is normally 
used only with an ECS System (see 6400/6600 ECS 
Training Manual). For further details seethe section 
covering Exchange Jumps. 



27XX INSTRUCTIONS 



This is a maintenance routine and can be used to check counter-part in that the 2° bit selects the CPU. 



The270X instruction differs from its 6600 computer 

The 



the operation of memory logic. 







2° bit equaling zero means read P of CPU 0. The 2 
bit equaling one means read P of CPU 1. CPU is 



DUMP 



the standard CPU located 



chassis 2: CPU 1 is the 



The dead start pul 



with the Sweep- Load- Dump 



special purpose CPU located on chassis 8. 



switch set to Dump, initiates the following actions 



ADDITIONAL X REGISTER 




M 

Sets all processors to 732 




Sends MC on all channels except channel 




Holds channel active and empty 



The possibility of two central processor units ne- 
cessitated two X registers, one for CPU (X0, th^ 
original register) and one for CPU 1 (XI, the addi 
tional register). 




Assigns each processor to its corresponding 
I/O channel 



MODULE CHANGES 



Sets all A and P registers to zero 



All processors 



the empty and active condi 



tions of their assigned channels, output the content of 
their address 0000, set their I/O channels to foil, and 
wait for an empty condition. All processors advance 



Although a few slots were available, the addition 
of the X register, the selection circuit to choose 
either X register, the 2® and 2 3 bit translation, etc. , 
necessitated changes in module types for more com 
pactness. 



The D5 transmitter 



ules were changed from 



P by one and reduce A by one (A =7776 



8 




Channel 0, 



which is assigned to processor 0, is held to empty by 
the Dump switch. Therefore, processor cycles 



PL's (six transmitters) to JQ's (ten -transmitters). 
This allowed the ten modules to be reduced to six, a 
gain of four slots. 



through the 732 instruction until A=l and then goes to 
memory location 0001 for its next instruction. Thus 
processor can send its entire memory contents on 
channel 0, although no I/O device has been selected 
to receive it. Processor is then free to execute a 
dump program which must have been previously stored 

in memory (beginning at location 0001). 



The A 




transmitters were changed from 



PL's to JQ's as well, providing a gain of one slot and 
a few extra transmitter circuits for other uses. 



6400 PERIPHERAL PROCESSORS 



The XI register was added (three PI f s) along with 
the three TE selection circuits. The master clock 
was removed from this chassis and put onto chassis 
8. 

open allowed the 6600 peripheral processors to be 
converted to 6400 PPU's. 



These changes and the slots that were previously 



The 6400 Peripheral Processors are almost iden 
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CHAPTER 4 

CONCEPT OF THE 6600 CENTRAL 

PROCESSOR 



INTRODUCTION 

The CONTROL DATA 6600 Series Computer Sys- 
tem, through use of high-speed transistor logic and a 
design philosophy based on concurrent (or parallel) 
processing, is today recognized as the world's fastest 
and most powerful computer* The rapid throughput 
achieved by the 6600 system can be attributed in part 
to the concurrency that exists in several areas of the 
central processor. 



MEMORY BANK PHASING 

The central memory is divided into memory banks , 
each of which contains 4096 10 60-bit central proces- 
sor words. A 13 IK central memory is composed of 
32 such banks; a 65K memory has 16 banks. Since 
each bank has its own circuitry for the X and Y drive 
lines, inhibit lines, sense lines, and memory cycle 
timing, each is capable of operating independently. 
This, in turn, permits memory cycles to be phased 

(overlapped) by 100ns to effectively reduce minimum 
access time to 100ns. That is, a memory cycle is 

one^isec in duration, but 10 may be initiated each 
jxaec as long as they are to different banks. The bank 

phasing scheme, in addition to the memory cycle 
which is in itself extremely fast, eliminates a great 
portion of the memory waiting time that is inherent in 
the majority of computers . 



INSTRUCTION STACK 

A group of flip-flop registers, referred to as the 
Instruction Stack, is provided in the 6600 for the pur- 
pose of holding an iterative sequence of instructions 
(a program loop) . The Stack can hold a loop containing 
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up to 27 instructions (up to four instructions per word) 



Eight 60-bit registers (designated XO through X7) 



which may then be executed without the 



for in- vide for the storage of integer and floating point values 



st ruction word memory references (RNI's) * Initially, 
the eight stack registers (I registers) are filled by 
reading instruction words from central memory. As 



1 60-bit format. Eight 18-bit registers (designated 
through A7) provide storage for central memory 



addresses of opera 



which are read or stored 



used 



ification of addresses and operands 



most 



each word is read into and executed from 1° (figure memory . Eight 18-bit registers (designated BO thr ough 
63) , the preceding words move up in the Stack and a B7) provide for storage of indexing values 
new word is entered into the first I register. When 
the Stack is filled, the movement of instruction words 
causes the top word (in 17) to be discarded. When i 
structions are being executed in the Stack (looping) , 
no movement occurs and the stack information re- 



itral processor instructions 



designate two 



source opera 



(taken from X, B, or A registers) 



a 



one result designation (X, B, or A register) 



stderabie operand manipulation can take place by use 
mains static. In this manner , the necessity of fetching of the operating registers, thereby further decreasing 



each instruction from memory is eliminated during 
short loops . The memory-access time savings should 

be obvious. 



Discard 



2 
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Instruction 

Word 
Movement 




I 



5 



I 4 




I 



I 



2 
1 



Issue from 
I 1 through I 7 

during In- 
Stack Loops 




Issue from 1° 
> when RNI is 
Required 



From Central Memory 



Figure 63. Instruction Stack 



the number of memory accesses needed. Proper 
of the Instruction Stack and operating registers makes 

possible execution of program loops , which require no 



memory references, for instructions 
tor age of results. 



operands 



s 



Functional 



Another area of concurrency in the 6600 CPU is 

that of parallel arithmetic (functional) units. Ten 
logically independent functional units are provided to 
allow several instructions to be in various stages of 
execution at the same time. Table 8 describes the 
functional units and their corresponding cycle times. 



Table 8. Cycle Times for Functional Units 



Number] 


| Unit | 


Time (ns) | 


1 


Add floating) 


400 


2 


Multiply 1 (floating) 


1000 


3 


Multiply 2 (floating) 


1000 


4 


Divide (floating) 


2900 


5 


Boolean (logical) 


300 


6 


Long Add (integer) 


300 


7 


Shift 


300 - 400 


8 


Increment 1 (indexing) 


300 


9 


Increment 2 (indexing) 


300 


10 


Branch (branch instructions) 


800 - 1400 



Operating Registers 

Another property of the central processor de 



Each unit is assigned a group of instructions which 
it, and only it, processes. For example, the Add unit 



creases the number of memory references required processes all single precision, double -precision, 



to read and store operands. Twenty-four operating 
registers provide a flip-flop storage facility for 60- 



rounded and unrounded floating point Add opcodes. 



The shift unit handles opcodes that require shifting : 

bit operands and 18-bit addresses and indexing values. left and right shifts, normalize operations, packing, 

unpacking, etc. 

Separate functional units eliminate the necessity 
for sequential execution of program steps, a property 



* Although 27 instructions may at first appear to limit 
the programmer's capability, it should be remem- 



bered that the 6600 is designed primarily as a scien- 
tific machine. Many programs are of a mathematical 
nature (i.e., matrix analysis) . Also, each instruction 
can designate two source operands and one result 
destination. When viewed in this light, 27 instruc- 
tions are, in most cases, more than adequate. 



which is inhere 



most present-day computers 



Instead, unrelated instructions can be processed out 
of sequence , causing a considerable decrease in the 
overall execution time of a program. Of course , if a 
source operand for one unit is the result operand of 



another, the first unit must wait 



the second 



48 



completes its calculation and returns the result. Also, 
if two -division steps are needed in sequence, the sec- 
ond must wait until the first completes, since only one 
Divide unit exists. On the other hand, two multiply 
operations may take place concurrently because there 

are two Multiply units. The point to be stressed is 

that in most operational programs the instructions 
need not be executed in sequence. Instead, the major- 
ity of problems are composed of a series of smaller 
steps which are only indirectly related. The following 
programming comparison should illustrate this point. 

The problem that follows is solved first by using a 
sequential computer and secondly, by using the 6600 

with its functional units . Individual instruction execu- 
tion times are assumed to be the same in both ma- 
chines. Also, both have the capability of reading two 
source operands and returning one result using the 
operating registers (X, B, and A). Example 20 shows 
operating register contents. The ( ) means contents 
of. 



Table 10. 6600 Computer Instruction Execution Time 



Example 20 



(XI) 
<X2) 
(X3) 



the value, A 
the value, B 
the value, C 



Initial Problem 



A+B 

C 




(A 2 + B 2 + C) 



Resultant Problem 




(XI) + (X2) 
(X3) 






(XI) 2 + (X2) 2 + (X3) 



Table 9. Sequential Computer Instruction 

Execution Time 



Instructions 



Time (ns) 



<X4) 
(XI) 



<X3) 
(XI) 
(X2) 



(X6> 
(X0) 
(X5> 



<X7) 



<X4) 

<X5) 
(X6) 
(X7) 

(X0) 
<X7) 
<X6) 

Total Time 



400 
2900 
1000 
1000 

400 
400 

1000 
7100 



Since the instructions must be executed in sequence, 
the total execution time is the sum of the individual 
execution times, or 7.^iisec. 




Total Time 



Using parallel functional units » the program execu- 
tion time is only 4.&isec, a reduction of approximately 
40 percent. 

Although the same saving will not occur in all pro- 
grams, the example illustrates that, through efficient 



progra 



Hi 111 



i 



considerable decrease 



time occurs. Even when a program 
some time saving will be realized. 



a 



optimized 



SUMMARY 



Several unique features are incorporated in the 
design of the 6600 CPU, including: 1) 32 (or 16) 4K, 
phased memory banks, 2) an Instruction Stack con- 
taining 8 60-bit registers, 3) 24 operating registers, 
and 4) 10 independent functional units. These pro- 
visions work in conjunction with each other to provide 
extremely rapid program execution times. Whenever 
parallel processing capabilities are provided in a 
computer, control circuitry is required to ensure that 
all features work together (without calamity) to pro- 
duce a high-speed processing system. 



BLOCK DIAGRAM ANALYSIS 



1 




n means replaces 



CENTRAL MEMORY ADDRESS CONTROL 

References to central memory can be initiated 
from various sources in the 6600. Peripheral pro- 
cessors make central memory references during the 
Central Read, Write, and Exchange Jump instructions . 

The central processor uses central memory to fetch 
instruction words or to read and store operands . An 
orderly means for handling these memory requests 

and distributing the associated data must be utilized. 
This is complicated by the fact that the 6600 memory 
banks are phased to allow several memory cycles to 
be in progress at any one time. Therefore, it is very 
possible that a memory reference request could be 

made to a bank that is already busy processing a 
memory cycle, so that the address must be saved and 
then reissued. It is also conceivable that two requests 
could occur simultaneously, requiring that a decision 
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■ 



be made regarding which address will be issued first 




Not 



only 



must 



the address 



be 



manipulated methodi 




cally 



» 



but the source or destination of the data as so 



L 

ciated with each address must be remembered by the 



control logic. These functions are accomplished 



for 



the 



most part 



by 



the 



c e nt r al 



memory 



control 



logic 



more often referred to as the Stunt Box 




Analysis 



of 



the 



sequence: 



hopper 



» 



Stunt Box occurs in the following 

priority network, and tag genera 



tion and distribution. These functions are described 

in detail on the following pages. 



Hopper 



The hopper is a mechanism used to save conflicting 



addresses 



so they 



may 



be 



reissued 



to 



the 



memory 



banks 



repeatedly 



necessary) 



until 



the 



addresses 



are 



accepted 



and 



processed 




In 



addition 



to 



saving 



addresses 



the hopper 



saves 



gating information 



used 



to 



enable 



the 



data 



corresponding 



to 



each 



address 



through the memory data distribution logic to or from 



memory 




Physically, the hopper 



is 



four 



flip 



flop 



registers 



(designated 



Ml 



M2 



M3 



» 



and M 



) each of which stores 



an 



18 



bit 



address 



» 




bit 



tag 



5 



and 




Full bit 



(except 



M2 



which has no Full bit) 




Refer 



to figure 



77 



at the 



end 



of 



this 



chapter 




The 



registers are connected 



to 



each other in order to allow information to circulate 



hopper is then discarded. If the desired bank is busy 



an 



Ac c ept 



will 



not 



be 



returned 




Its 



absence 



causes 



the associated address to be reentered into 



Ml 



(from 



M2) 



and 



subsequently reissued to the memory banks 




The cycle will recur every 300ns 

accepted. 



until the 



address 



is 



Figure 




A 



4 





Accept signal 



is 



timing diagram, verifies 
returned 



that 



the 



to the Stunt Box in time 



to 



to 



Ml 




disable (or if not returned, enable) the transfer of M2 

If an Accept is generated, it will be received 

after entering the associated 

logic 



on chassis 5 about 



175ns 



address 



into 



Ml 



(tl75) 




This 



all ow s 



125ns 



of 



delay 
M2 



time 



before 



the 



Ac c ept 



is 



used 



to disable 



the 




Ml 



transfer 



(t300) 




Since 



M2 



was 



not 



trans 



ferred to 



Ml 



the following transfer of M3 to M2 will 



destroy 



(write over) 



the contents of M2 




too 



tioo 




Address 

to Ml 



i 
i 



i 



i 
i 



i 





Ml 




M4 



M4 




M3 



t200 
i 



t300 



t400 



i 
I 



i 





M3 




M2 



M2 




Ml 



(if Accept) 






Address 

to CM 
from Chassis 




Accept 

from CM 
to Chassis 




Address 
to CM 

from Chassis 




through each 



of the 



registers (the concept is similar 



to 



the 



peripheral 



processor 



barrel) 





75ns 



time 



interval exists between each register and produces 




total 



recirculation time 



of 



300ns 




For 



example 



» 



an 



address 



entered into 



Ml 



at time 



00 



enters 



M 





at t75 



5 



M3 



at 



tl50 



M2 



at 



t225 



and 



» 



if 




must be reissued 



reenters 



Ml 



at t300 




In actuality 



only 17 



of the 18 available address bits 



are used 



in 




13 IK central 



memory 




The 



18th bit 



is 



found throughout the memory circuitry, but it is 



never 



utilized 




The 



six-bit tag is generated when an address 



is first entered into the hopper (specifically 



5 



Ml) 



and 




contains all the information 



necessary 



to properly 



distribute 



the 



associated 



data 




Tag 



generation 



and 



distribution is 



almost 




subject in itself and is treated 



separately 



later 



in this section 




The 



Full bits 



found 



in Ml 



5 



M3 



» 



and 



M 



indicate that a meaningful address 

. The 



and tag are contained in the respective register 



Full bit 



is 



set 



when 



an 



address 



and 



tag 



are entered 



into 



Ml 



There 



is 



no Full bit in M2, since the Accept 



signal 



serves 




similar purpose 




Ml 



■ 

Approximately 50ns after entering an address into 

, the address is automatically sent to the memory 

banks where the lower five bits are examined to select 
one of the 32 banks. If the desired bank is not in use 



(Busy) 



an Accept signal 



is 



returned 



to the Stunt Box 



to 



indicate 



that 



no 



conflict exists 



and 



the 



memory 



cycle 



has 



been 



initiated 




The 



address 



saved 



in 



the 



Figure 
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Timing for Accept Signal Return 

to Stunt Box 



Priority 



Network 



Because 



more than one 



source 



exists for addres 




entered 



into 



Ml 



(figure 



77) 




stunt 



box 



priority 



network is 



necessary 



to ensure organized handling of 



simultaneous 



memory requests 




Each address 



source 



has 




fixed priority, as follows: 



First 



Hopper 



(M2 




Ml) 



Second 



Central 



Processor 



(M0 




Ml) 



Third 



Peripheral 



Processor 



(ERW 




Ml) 



Hopper 



Priorit 




In only one circumstance 



is 



re 



entry 
when 



of 



an 



address 



to 



Ml 



required 




That 



occurs 



an 



addr ess 



sent 



to the memory banks was 



not 



accepted due to a bank conflict 
addr ess 




Nonacceptance 



of an 



is 



indicated by not receiving an Accept from 



the 



memory 



banks 



175ns 



after 



Before 



enabling 



an 



M2 




Ml 



issuing 

transfer 



an 



address 




i 



determine 



w he the r 



or 



not 



M2 



contains 




meaningful 



addr ess 




Check 



for the presence 



of 




Full bit. Since M2 does 



not 



c ontain 



a 



Full 



bit 



9 



check 



the 



M3 



Full 



bit 



(it is 



time delayed to ensure 



that 



M3 



has been transferred 



to 



M2 



before 



the 



check is 



made) 




Two 



conditions 



must be met to grant first priority: 



(M3 Full) 



ccep 
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Central Priori 



Two subpriorities exist under 



the lower bound and RA 



specifies the upper 



central priority because central processor memory bound. Each central memory reference adds to the 
references can be originated in two independent value RA, the content of P (for RNP s) or the 



operations. These are: 1) instruction word fetching 

(RNI's) and 2) reading and storing operands. 

In the first case, the address is obtained from the 
P register and in the second, from one of the two 
Increment functional units. If requests from both 
sources occur simultaneously , the operand address 
is entered first, then the instruction address. In 
either case, the address is entered into an 18-bit 
register , MO (figure 77). At the same time, the en- 
ter central FF is set which indicates that an ad- 
dress is in MO waiting for entry into Ml. In a sense, 



enter central FF requests priority 



Thus, one 



condition required 



priority 



that the enter 



central FF is set to indicate that an address is in MO 
waiting for entry into Ml. 

A second condition needed for central priority is 
that priority 1 does not exist; i.e., the address in M2 
was accepted or M2 does not contain a meaningful 

address . 

A special circumstance arises which also must be 
considered in granting central priority. This is the 
case when read and store requests are made to the 
same memory address. This might occur when an 
instruction word modification is made followed by an 



RNI request for the modified word. If the two ad- 
dresses enter the hopper in sequence (store location 
X, then read location X) storing before reading cannot 

be guaranteed because a bank conflict may exist with 
the store address. The operation (read or storey that 
is performed fi rst depends strictly on when the bank 
becomes Busy. Whichever address is sent to the 
banks first (after Busy) will be accepted and will cause 
a conflict for the second reference to the same loca- 
tion. Thus, in the above instance , it would be possible 
to read the unmodified instruction word when actually 
the modified word was desired. The reverse situation 
might also occur, wherein a location was to be read 
before modification. 

To resolve the above cases, additional logic is re- 
quired in the priority 2 circuitry which prevents a 
central read address from being entered into the hop- 
per if any (peripheral or central) write address is in 
the hopper. Also, if a central write is attempted, no 
central read address may be in the hopper. Preve 
tion of a central write and peripteral read out of se- 
quence is a software responsibility. 

The fourth and final condition needed for central 
priority is that the address being referenced must not 

r 

be out of bounds for its particular program. Memory 
bounds for a program are defined upon initialization 

w 

of the routine (Exchange Jump) by the RA (reference 
address) and FL (field length) values, RA specifies 



meat 1 or 2 address (for operand references) . The 
address being referenced (P, increment 1 or incre- 
ment 2) is said to be the relative address . The abso- 
lute CM address is the sum of the relative address 
the content of RA. The relative address is always 
entered into MO. A special adder adds MO to RA to 
give the absolute address . Another circuit compares 
the content of MO with the content of FL. If MO " 
the desired reference is out of bounds and the mem- 
central 



ory reference will not take place becati 



priority will not be granted. Therefore, the condition 
M0<FL is also a condition required for granting 
priority 2. 

The following Boolean formula summarizes the 
conditions required for granting central priority: 
(Enter Central) (Priority 1) (MO < FL) (Attempt Read) 



opper) + (Attempt Write) (C entr al Read in 




Hopper) . 




ral Priori 



Peripheral priority for CM 



references is granted only if neither hopper nor cen- 
tral priority exists and there is a PPU request for a 
CM access. Since only one PPU request can occur 
at a time, no subpriorities are required. 

w 

The PPU's request CM references in three situa- 



tions. They are 



read central memory 



central memory, and 3) exchange jump 



write 
three 



cases 



a PPU sends an 18-bit address to the Input 
Address register (IAR) of the Stunt Box (figure 77). 
To specify the type of reference being requested, a 
Read. Write, or Exchange signal pulse accompanies 



address 



These pulses are used 



a control 



function to properly gate information to and from C M 
(see the hopper tag explanation which follows) . The 
presence of one of the three control pulses results in 
the request for priority 3 . Thus , the Boolean expres- 



peripheral priority is as 



Read 



+ Write + Exchange) (Priority 1) (Priority 2) . 

During peripheral processor read and write op- 
erations in central memory, a new address is sent to 
the IAR for every memory reference desired. For 
exchange jumps, only the starting address of the 
exchange jump package (in CM) is sent. It is the 
responsibility of the central processor to advance 
this address automatically in order to exchange the 
required information. This is accomplished by the 
exchange address counter (EAK) which is utilized 
only during exchange lumps. It increments the ex- 
change address for each of the 16 locations referenced. 



Hopper Tag Generation and Distribution 

As previously mentioned, when an address is en- 
tered into Ml, a six-bit tag is also entered. It is used 
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to properly gate data into and out of central memory. 
The tag bit positions are shown in figure 65. 



Table 11. Hopper Tag Definition) 



2 



5 



2 



4 



2 



3 



2 



2 




v. 



J 



Register Number 

Central {Except 
Exchange Jump) 

Exchange Jump 

Write 



Figure 65. Tag Bit Positions 



Bit (2 s ) is set when the associated address is one 
of information to be stored (written) into central 
memory. 



4 

Bit (2 ) is set only during exchange jumps to indi- 
cate that the associated data is to be exchanged with 
registers in the CPU. 

Bit (2 3 ) is set any time a memory reference is 
initiated by the central processor (priority 2). It 
allows information to be gated to or from the CPU, 
as opposed to a PPU . During exchange jumps the bit 
is set to indicate that an X register is to be exchanged, 
or it is cleared to indicate that A, B, and control reg- 
isters (P, RA, FL, etc.) are to be exchanged. 

Bits (2° through 2 2 ) indicate (when applicable) which 
X, B, or A register number is to be stored, read into, 
or exchanged. Table 11 lists all legal tag numbers (in 
octal) and their meaning. Decoding circuitry exists 

er bit combination 
decoded as one of the 



those tags listed 



decoded 



legal tags 



A tag = 00 indicates a peripheral read address 
since all bits equal zero. This is interpreted as 
meaning: (Write) (Exchange) (Central) + Peripheral 
Read. In this case the register bits (2° through 2 2 ) 
have no meaning and are not translated. 

A tag = 10 indicates a central RNI since the Central 
bit (2 3 ) is set and all other bits are cleared. Since a 
central read of memory to X0 is not possible, the 
clear state of bits 2° through 2 2 in this case indicates 
that an instruction word is to be read from memory. 

A tag = 11 indicates that a central read to XI is to 



Number 



Meaning 

Peripheral Read 

CP RNI 
CP Read 
CP Read 
CP Read 
CP Read 
CP Read 

Peripheral Write 

Return Jump + Error Stop 
C P Write X6 
CP Write X7 
Exchange P, AO 
Exchange RA(cm) Al , Bl 
Exchange FL(cm) A2.B2 
Exchange EM, A3, B3 
Exchange RA(ecs) A4, B4 



Exchange FL(ecs) A5, B5 
Exchange A6, B6 
Exchange A7 , B7 

Exchange 
Exchange 

Exchange 
Exchange 

Exchange X4 
Exchange X5 

Exchange X6 
Exchange X7 



Exchange bits (23 and 2*) are both cleared. 

A tag = 50 indicates a central return jump or error 
mode stop memory reference. Bits 2° through 2 2 are 
meaningless in this case since a central write (tag = 
5X) of X0 is not possible. Since storage of informa- 
tion in central memory is required in the above cases , 
tiie 50 tag is reserved lor this purpose. 

Tags » 56 and 57 are generated when storage of X6 
or X7 is desired. Bits 2° through 2 2 again 
the register number. 



licate 



Tags 60 through 77 are all generated - during an 
exchange jump operation. Bit 2 3 = indicates that 
A, B, or control registers are to be exchanged. Bit 
2 3 = 1 indicates that an X register is to be exchanged. 
Bit 2° through 2 2 specify the operating register num- 
ber (X, B, or A) or the control register (P, RA, FL, 
or EM) to be exchanged. Note that these are the only 



be performed. Bits 2° through 2 2 in this case indicate cases when bit 2* (Exchange bit) is set. 



the X register number. Tags 12 through 15 are also 



central reads to X registers, but to X2 through X5, 



respectively. 

A tag = 40 indicates a peripheral write operation, 
since the Write Bit (2 s ) is set and the Central and 



After a memory reference is initiated, the associ- 
ated tag is decoded, and it will enable the gating of 
the desired information into and/or out of central 
memory, to or from the desired location (XBA reg- 
isters, read or write pyramids, etc.). 
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CENTRAL MEMORY 



The 6600 central memory is composed of 60-bit 
words located in 16 or 32 memory basics each of which 



from the four chassis connected to central memory 
as shown in figure 66. 



- 

Determination of which information is to be gated 



contains 4K words 



This results in 65K or 13 IK 



memory sizes, respectively. In either case four 
banks are contained on a chassis. 

Selections of bank and chassis are made by decod- 
ing the lower four (for 65K memories) or five bits 
(for 13,1K memories) of the address. For example, 
in a 13 IK system bits and 2 A select one of four 
banks on a chassis, while bits 2 2 , 2 s , and 2* select 
one of eight chassis. The address is sent from chassis 
5 to all memory chassis of a system and all chassis 

decode the lower bits of the address. Only one chassis 
will recognize its bit configuration (2 2 through 2^. By 
decoding bits 2° and 2 1 , the bank selection is made. 
If the selected bank is free (a memory cycle is not 
already in progress) the Accept signal is returned to 

r 

the Stunt Box and a Go signal is set to the selected 
storage sequence control circuit (SSC) . The SSC is a 
simple flip-flop timing chain which generates the 
read/write memory cycle . 

The selected address within the selected bank is 
determined by decoding the remaining 12 bits of the 
17-bit address (16 bits for a 65K system). While a 
memory cycle is in progress, the Bank Busy signal 
(Bank Not Free) disables initiation of other memory 
cycles within mat bank. It also disables the return of 
the Accept signal to chassis 5 which causes the ad- 
dress to be retried at the 300ns stunt box rate. 

The information being read from or stored into 
central memory is gated by a circuit called the read/ This ensures that the information desired is properly 



is made by decoding the hopper tag associated with 
each address and ANDing the decoded signal with the 
Accept for mat address to determine which Informa- 
tion should be gated. 

• Information is gated from the Write Pyramid 
on chassis 1 to CM via the write distributor 
during PPU central memory write operations 
(tag 40). 

formation is gated from chassis 5 during re- 
turn jumps and error mode stops (tag 50) . 

Information is gated from chassis 7 and 8 dur- 
ing exchange jumps (tags 60 through 77) and 

r 

central processor store operand operations 
(tags 56 or 57). 

Information is sent from CM via the read dis- 
tributor to chassis 1 during PPU central mem- 
ory read operations (teg 00) . 

Information is sent to chassis 5 during exchange 
jumps (tags 60 through 65) and RNI (tag 10) op- 
erations. 

Information is sent to chassis 7 and 8 during 
exchange jumps (tags 60 through 77) and central 



processor operand read (tags 
operations . 



through 



It is reemphasized that in all cases fo gating the 
read/write distributor the Accept signal is necessary . 



write distributor. It distributes information to and 



timed for entry to or exit from memory. 





Figure 66. Bead/Write Distributor 
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INSTRUCTION CONTROL 



Instructions in the central processor are executed 
from the Instruction Stack (figure 75). Each 60-bit 
Stack register can contain up to four instructions, but 
not less than two, since the CPU employs both a 15-bit 



and a 30-bit instruction format. The responsibility of 
Instruction Control is to: determine that a 60-bit in- 
struction word has become available to the stack, sort 

out the 15- or 30-bit instructions within that word, and 
then deliver the instructions to Reservation Control so 
they can be executed. 



Initially all instruction words 



60-bit memory 



word fetched by an RNI request) move into the bottom 
rank of the Stack (10) when Instruction Control receives 
the RNI tag (tag = 10g and Accept) from the Stunt Box. 
The RNI tag also signals Instruction Control to begin 
the process of sorting instructions within mat word 
and transfering them to Reservation Control. The 
total process is called instruction issue, and the sort- 
ing of instructions is referred to as parceling. 



INSTRUCTION ISSUE 

Instructions can be issued from any rank of the 
Stack. However, if we assume an initial condition 

such as at the end of an exchange jump sequence, we 
can see issue beginning with the upper instruction in 
H). Once a program is in execution , program control 
can be transferred to some higher rank of the Stack 
by a Branch instruction. This situation forces In- 
struction Control to keep track of which rank of the 
Stack the program address is currently indicating. 
The Locator (L) register and counter perform this 
function. Control of the L count would be very simi- 
lar to control of the program address. However , L 
refers to a particular rank of the Stack so it can only 
vary between 0g through 7g . For example, L count =' 
0g indicates program control is currently in 10. L 
count = 7g indicates program control in 17. An initial 
Master Clear sets the L count to Og, so we can see 
that instruction issue would start from the botto 
rank of the Stack. 



NOTE 



The L register contains the corople 
ent of the L count. 



Parceling 



(bits 00 through 29), and parcel 3 (bits 44 through 14 , 
end around). 



Parcel 3 (PK=3) 



Parcel 1 



Parcel 






\ 




Figure 67 . Instruction Word Parcels 



By examining each word with the 3 0-bit parcels 
we can guarantee the detection of any possible com- 
bination of instructions within that word. If the in- 
struction contained within the parcel happens to be a 
15-bit instruction, the lower 15 bits of the parcel are 
discarded and the next sequential parcel is extracted. 
However, if a 30-bit instruction is encountered, the 
entire parcel would be used and the next sequential 
parcel would be skippeo 



Example 2 1 




15 



15 



15 



15 



2 



59 



2 







m example 21 each parcel would be extracted in 
sequence with the lower 15 bits of each parcel being 
carded. 



Example 22 



1° 




30 



15 



2 



59 



2 







In example 22 parcels and 1 would be extracted 
in sequence. All 30 bits of parcel 1 would be used, 
so parcel 2 would be skipped. 



Instruction Control uses a two-bit parcel counter 



(PK) to keep track of the current parcel. It generally 
advances the parcel counter after each parcel is ex- 



itial PK=0 condition can be set by 



A 





tr acted. 
Master Clear. 



Initial instruction issue begins with the L 



it = 



Now that we have selected a particular rank of the (10), PK=0 (bits 30 through 59). And, as previously 



Stack, we must concern ourselves with sorting out the 



mentioned , me first instruction word after an exchange 



instructions within that rank. m other words we must jump comes from central memory to 10 as a result of 
parcel the instructions from the selected rank of the the RNI tag. The tag also starts the issue operation. 
Stack. Each rank is considered to have four over- The rest of our analysis is concerned with moving the 

instructions to Reservation Control. Figure 68 shows 
the path each parcel takes. 



lapping 30 -bit parcels. These are; parcel (bits 30 
through 59), parcel 1 (bits 15 through 44), parcel 2 
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59 — 45 44 — 30 29 — 15 14 — 



Figure 68. Parcel Counter 



ISS UE 



CONTROL 



Issue 



Control generates two types of issue pulses 




These 



are 



Ul 



issue 



and 



scoreboard 



issue 




Ul 



issue 



is 




pulse that gates the selected parcel to the 



Ul 



and 



U2 



instruction registers and advances PK 




This 



pulse 



occurs 



at 




Scoreboard 



minor cycle rate during the issue sequence. 

a pulse that gates the parcel from 



issue 



is 



the 



U2 



instruction register 



to 



Reservation 



Control 




This 



issue can also occur at a minor cycle rate 




With 
parcel 



eight 
counts 



different 




counts 



and 



four 



different 



> 




IS 



easy 



to 




that 



32 



parcels must move through the 



Ul 



and 



10 



different 



U2 



Sixteen 



of 



these 



parcels 



(PK 




9 




9 




9 




registers 

count 






» 






move from 



the 



even 



numbered 



ranks 



of 



the 



Stack to 



U0 



before 



issue 




is 



not 



necessary 



to 



Ul 
have an 



moves 



them 



to 



Ul 




Issue 



pulse 



to 



move 



parcels to U0 




The 



selected 



parcel moves from the 



selected even rank of the Stack into 



U0 



au t o m at i c ally 




In our initial case 



parcel 




of 10 



is 



the 



extracted to 



U0 



and 



the 



first 



Ul 



Issue 



first 
pulse 



parcel 



moves 



the 



parcel to 



Ul 




Notice that at this time there have not been mean 



ingful parcels in Ul or 



U2 




So 



as 



far 



as 



the 



U2 



ister 



is 



concerned 



reg 




receives 



trash 



on 



the 



first Ul 



issue 




Also 



» 



no scoreboard 



issue 



until 



should be generated 



after the first meaningful parcel has 



moved 



into 



U2 




Because PK is advanced to one by 



Ul 



issue 



eel 



par 




of 10 



is extracted to 



U0 



so on the next Ul issue 



parcel 




would move 



to 



Ul 



parcel 




would 



enter 



U2 



and 



» 



PK would advance to two 





One 

from 



moreUl issue moves parcel 2 toUl and parcel 



Ul to 



U2 




At this time 



the 



first 



scoreboard 



issue 



must 



occur 



to 



issue 



parcel 




to 



Reservation 



Control 




From 



this 



point 



both 



Ul 



and 



scoreboard 



issue can continue 



at 




minor cycle rate until parcel 




is 



issued 



to 



Reservation 



Control 



pulses) 



(th 




more 



Issue 




All of the possible instructions in 10 



are now in 




cutionand issue must stop until the next 6 0-bit instruc 



tion 



word 



becomes 



av a il abl e 



from 



c en t r al 



memory 




This 



stop is called a pause 



t 



55 



Pause 

The Pause can be quite lengthy if Instruction Con- 
trol does not have the foresight to request another 
RNI from central memory. This request is made any 
time L count = 0, PK = 0, and Ul issue. It is easy to 
see why the request is made under these conditions 

r 

once it is realized that 10 is the bottom rank of the 
Stack and after issuing from 10 there isn't any place 
to go for the next instruction, there Is one other 
operation that comes into play at this time. Jt is the 
process of moving the current instruction words of 
the Stack up to make room for the next instruction 
word from central memory (inching). 



Table 12. Maximum In-Stack Loop 



17 




IS 
H 
13 
E 

a 

10 




Inching The analysis of instruction issue to this point has 

Inch is also started when L count = 0, PK = 0, and assumed straight line program execution with no com- 
Ul issue. During the inch process each rank of the plications. However, there are many special situa- 
tions which may be encountered. Whenever a 30-bit 



instruction 



encountered hi a parcel, Instruction 



Stack is shifted up starting with an 16 to 17 transfer 

and continuing with 15 to 16, H to 15, 13 to 14, 12 to 13, 

II to 12, and 10 to II in that sequence. 

- 

Four minor cycles (400 ns) are necessary to com- 
plete inch. It is necessary to advance the L count to 
one since the last inch transfer moves the current in- 
struction word from 10 (L count =0) to II (L count = 1). 
It is important to realize that the IB to 17 transfer de- 
stroys the instruction word mat previously was in 17. 
Consequently , a program loop that is to be executed accomplished by Instruction Control translating the 



Control mtist cause the next sequential parcel to be 
skipped. The skip is accomplished by not generating 
a scoreboard issue when the unwanted parcel is in U2 

(figure 69). 

There is also the possibility that issue may have to 
be stopped if either the functional unit or the result 
register (required by the parcel) are busy. This is 



within the Stack must fit in the Stack between n and 17. 
A quick examination of the Stack reveals a maximum 
in-stack program length of 27 10 instructions (table 12). 



parcel when it is in Ul and setting a unit request FF 

w 

and result register select FF when the parcel enters 
U2. Each unit request FF interrogates the corre - 



h ■ j _ j 



f\ 15 I 30 1 15 



T000 



Ul Issue 



Scoreboard Issue 



2 59 



2° 



n_J7L_ra 






Parcel Parcel 1 Parcel 2 Parcel 3 
to U2 to 132 to U2 to U2 



ITLJTl 






Parcel Parcel 1 Parcel 3 

to Reservation to Reservation to Reservation 

Control Control Control 



Figure 69. Skip Generation 
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s ponding unit busy FF in Reservation Control, and, if 
the unit' is busy, a signal is generated which blocks 



all Issue pulses until the unit becomes not busy. 



if the branch is to an instruction word already in the 
Stack. 

Hie test results are only enabled on the conditional 

A similar operation occurs with the result register branch instructions 03 g through 07g. The results also 
except the result register select FF must be ANDed enable these instructions to loop* The first test is 
with a translation for the i portion of the parcel to made by subtracting the current program address (P) 



determine which portion of Hie reservation list should 
be examined for a reservation. The reservation list 
(XBA) is where all result register reservations are 

held by Reservation Control . 

Probably the most involved operation in Instruction 
Control occurs when a Branch instruction is encoun- 
tered. And even though the Branch unit will execute 



the instruction, Issue Control must set itself up for 
proper operation. The reason for the complication 
is that a Branch instruction can do one of the following 
three things : 



Loop if a conditional branch, condition met, and 
in the Stack. 

Jump if an unconditional branch or a conditional 
branch, condition met, and not in the Stack. 

No branch if a conditional branch and condition 
is not met. 



Instruction Control sets itself up for the no branch 
condition by setting the parcel count equal to the par- 
cel count of the next parcel to be issued. It then stops 
issue after issuing the branch (figure 70). 



In l 30-BIT BRANCH | 
2 m 



15 



15 



2 







Ul Issue 



Parcel 
in Ul 

_n 



Parcel 
in U2 



n 



n 



Issue 
Stopped 



Pk 



o 



1 



1 



2 



Scoreboard 

Issue 



Parcel 

To Reservation 

Control 



from the jump address (R). If the difference (T) is 
±7 or less, the branch may be in the Stack. 

However, a further test must be made to see if a 
jump of T places can be made relative to the current 
position in the Stack which is reflected by L. This is 
the L-T test and, if mere is not an end-around borrow 
from the test, the branch still may be in the Stack. 

If R-P gives a positive result, the jump is forward 
and the L-T test being made successfully stays in the 
Stack. But if R-P is negative, the branch is back- 
ward and a further test must be made to see if there 

is a usable instruction in the rank of the Stack to which 
the jump is being made. Conveniently, the result of 
the L-T test is the new L setting if the branch is made . 
This is subtracted from the Stack Depth Counter reg- 
ister (D). The D-(L-T) test is only necessary on the 

backward jumps (R-P negative). If the jump is suc- 
cessfully made, the branch is in the Stack. The Branch 
unit uses the Long Add unit to make the branch condi- 
tion test for the 03 3 ins true tions and the Increment 
units to test the 04 g through 07 8 instructions. If the 
condition is met, a Go Branch signal is generated. 
If the R-P, L-T, D-(L-T) are all successful, a Loop 
Proceed is generated. 

If Go Branch occurs and R-P, L-T, and D-(L-7) 

fa 

were not successful, a jump is generated. If Go Branch 
does not occur, a No Branch Proceed is generated. 
On a Loop Proceed, the jump addres s (R) is trans- 
ferred to P, the result of the L-T test is gated to L, 

r 

the parcel count is set to Gg, and issue is restarted. 
On the jump an R to P transfer is also accomplished, 
but L is set to 7g (L count = 0g) t the parcel count is 
cleared, and an RNI request is made to the Stunt Box. 

- 

Issue restarts as a result of the RNI. The No Branch 

Proceed merely restarts issue, since this is why In- 
struction Control has been set up. There are many 
special cases that affect Instruction Control during 
branch instructions, but these will be covered in chap- 
ter 3 of the 6600 Central Processor Training Manual, 



Volume 1, along with a more detailed explanation of 
the other Instruction Control operations. 



Figure 7 0. No Branch Condition 



By controlling the parcel count, it is possible to 
restart issue in the same manner as if it were start- 
ing after an RNI. Once the branch has been issued, 
the Branch unit makes a series of tests to determine isters, and memory circuitry since it is possible that 



RESERVATION CONTROL 
(SCOREBOARD , FIGURE 79) 

The need for reservation control logic in the 6600 
C PU arises because of the parallel processing concept 
of the CPU. This capability necessitates an orderly 
means of utilising the functional units, operating reg- 
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several instructions may require the same functional 
unit, operating register, etc. The Scoreboard mates 
the required reservations for each instruction and 
provides a means for the orderly handling of conflicts 
which can occur between instructions. 

Conflicts are categorized into three orders: first, 
second, and third. The type of conflicts are defined 
on the following pages. 



• FIRST ORDER. A conflict between two ins true 



that require the sa 




functional unit 



the same result registers is a first-order 
flict. 



Example 23 Functional Unit Conflict 

F X 6 = XI © X2 



F X 5 



X3 © X4 



Both instructions need the Floating Add tunc- 

r 

tional unit for their calculation. Since only one 

must 



such unit exists, the second instruction c 
wait until the first has finished before it can be 
executed. Note that if two Multiply instructions 
are coded in sequence, no functional unit con- 
flict occurs since two Multiply units are pro- 
vided. 



Example 24 Result Register Conflict 



FX6 



XI + X2 



F X6 = X4 * X5 



Both instructions require X6 for their result. 
In this case, the floating add result would be 
returned to X6 before the multiply result was 
desired. 

There are two types of first-order conflicts: 



functional unit and result register, m all cases 
of first-order conflicts, issuance of instruc- 
tions stops until the conflict is resolved. In 
other words, no further instructions are initi- 
ated (including the one which sees the conflict) 
until the first of the conflicting instructions has 

completed execution. First-order conflicts 
temporarily stop issuance of instructions at the 

point Of conflict. 



• SECOND ORDER. A conflict that occurs when 



which is the result of the Add instruction , as 



one of Its source operands. The Divide 
must obviously wait for the Add unit to time 
but instruction issue does not stop. I 




it 



Instead, 

the Scoreboard delays the start of the Divide 
instruction until the Add unit has stored its re- 

r- 

suit. Subsequent instructions may be issued as 
long as no first-order conflicts exist. The re- 
sult of a second-order conflict is to delay the 
execution of the conflicting instruction only. 



THIRD ORDER. A conflict that occurs when one 
instruction must store its result in a register 
which is to be used as a source operand for a 
previously issued instruction is a third-order 
conflict. 



Example 26 

F X3 
F X5 



XI / X2 



* X3 



F 



m 



XO + X6 



m exampl 



due to the relatively long 



cution times of the divide and multiply op codes 

and the second-order conflict (X3) of these units, 
the Add instruction completes its calculation 
before the Multiply unit reads its operands. 
Both operands are always read at the same time. 
Therefore , all second-order conflicts must be 
resolved. Since the Multiply instruction is in- 
tended to read X4 before it is changed by the Add 
instruction, storage of the add result must be 
delayed until the Multiply unit begins its cal- 
culation. Thus, where third-order conflicts do 
not delay issue or calculation, they do delay the 
storage of a result operand. 



The following discussion explains, at the block 

diagram level, how these conflicts are handled by the 
Scoreboard. Figure 71 should be used in following 
the explanation. 



FIRST-ORDER CONFLICTS 

First-order conflicts are defined as- either func 



tional unit or result register conflicts 



either type 



exists, no issues can be generated. Functional unit 
conflicts are determined by checking the unit request 
FFs against the unit busy FFs. Recall that unit re- 



an instruction requires the result register of a quests are set at the time an instruction is transferred 
previously initiated instruction as a source op- from Ul to U2. The unit request FF sets depending 
erand is a second-order conflict. upon the op code that is translated (from Ul fmi por- 

tion) . When an instruction is issued to the Scoreboard 



Example 25 



a v 



busy FF sets. This, in effect t reserves a func 



F \ 



F X7 



XI + X2 
X5 / 



m example 25, the Divide unit needs X6, 



tional unit for a particular op code. It will remain 
reserved until the given instruction has completed 
execution. Then the unit busy FF is cleared to allow 
a subsequent instruction to use that functional unit. 
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figure 71. Scoreboard Block Diagram 



4 

So when a given unit is needed (as determined by a set 
unit request FF) it can be used only if the associated 



a result register reservation. In this sense 
acts like a functional unit. 




emory 



unit busy FF is cleared 



tine unit busy FF is se 



functional unit conflict exists and generation of issues 
is disabled until the unit is freed. 

In determining the existence of result register con- 
flicts, a comparison of the request and reservation 
logic is also made. Upon issuing an instruction to 
U2, result FFs are set according to the op code trans- 

r- 

1 at ion. Four such FFs exist and specify a result reg- 



summary, both cases of first-order conflicts 
are handled similarly in that requests for units or re- 
sult registers (made at U2 time) are checked against 
reservations existing in the Scoreboard. If a con- 
flict exists, issues are disabled until the conflict is 

resolved. 



ister group 



Xi, Bi, Ai or Bj). The specific 



register within a group is determinde by translating 
the i or j octals (as specified by the result FFs}. For 



xample 



(he Xi FF is Set and the U2 i digit = 3, 



X3 is the result register desired 



SECOND-ORDER CONFLICTS 

Second-order conflicts occur when a functional 
unit requires as a source operand the result of an- 
other functional unit. The source operands are de- 
fined by the j and k octals of U2 in conjunction with 
the select FFs which are set with a U2 transfer. The 



The result register reservations are placed in the select FFs define the source register group as 




XB A reservation list when an instruction is issued to 
the Scoreboard. This list is composed of 24 slots, 
where codes are placed to specify which functional 
unit has reserved each of the 24 operating registers. 
For example, a code of 16 8 in the X4 slot of the res- 
ervation list indicates that X4 is reserved for the 
result of the Long Add unit. The complete list of 
possible codes appears in table 13. 



Table 13. Functional Unit Codes 



Unit 

Increment 1 
Increment 2 
Shift 
Boolean 

Divide 
Multiply 

Multiply 
Read Memory, Channel 1 
Read Memory, Channel 2 
Read Memory , Channel 3 
Read Memory, Channel 4 
Read Memory, Channel 5 

Long Add 
Add 



Code 



01 

02 

03 
04 

05 
06 

07 
11 
12 

13 
14 
15 
16 
17 



Any slot that contains a code of all zeros indicates 
that the associated operating register is not reserved. 
Any nonzero code indicates that the associated regis- 
ter is reserved for a result. If translation of U2 in- 
dicates that X4 is specified as a result register and 
the X4 slot of the reservation list is zero, no conflict 
occurs. H the X4 slot is not equal to zero, the reg- 
ister is reserved. A conflict exists and issues are 
disabled until the conflict is resolved. 

Notice from me list of codes that five are named 
Read Memory, Channel X. These are necessary for 
the 5 X 1 through 5X5 instructions. They return 
results from memory to XI through X5 and must make 



as the octal digit specifying the register within that 



group 



XI, Bj, Aj, BkorXk). Specific registers 



are selected by ANDing select FFs with the j and ] 
octal digit translations. 

Determination of whether or not the desired reg 



isters are reserved is made fay indirectly 1 



•Til «ll 



gat 



the content of the XBA reservation list. Each tunc- 
tional unit has four bit Q designators which, when an 
instruction is issued to the Scoreboard, receive the 



contents of the XBA slot associated with the desired 



ource operand registers. For example, the follow 
ing instruction sequence causes a second-order con 
flict. 



Example 27 

FX 5 
F X 6 



X3 * X2 
X2 + X5 



The Multiply 1 unit reserves X5 by placing a code 
of 06g in the X5 slot of the reservation list. Assum- 
ing that no other instructions have been issued, no 

other reservations exist when the Add instruction is 
issued. Since the Add unit wished to read X2 and X5 , 
it transfers to its Qj and Qk designators the content 
of the X2 and X5 slots, respectively. At this point, 
the Add Q designator equals 00g and Qk equals 06g. 
m essence , this tells the Add unit that its j operand 
(X2) is not reserved by the Multiply 1 unit. Since a 
functional unit does not begin calculation until after it 
can read both operands , the Add unit must wait until 
Multiply 1 returns its result to X5. 

Associated with each functional unit are flip-flops, 
called read flags which, when set, indicate that the 

desired operand (s) can be read. The Add unit has 
two read flags, one for the Xj operand and one for Xk. 
Read flags can be set in two ways, both of which re- 
sult from translating the Q designators. 

• If Q m 00 g t a read flag can be set since the de- 
sired operand is not reserved. 
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i 



functional unit, whose code is In Q, has com* 

pleted its calculation and returned its result to 

the result register. Completion of a functional 

unit's operation is indicated by a signal called 

Release (see description of third-order con- 
flicts). 



If Q t 00g, a read flag cannot be set until the the associated Fj or Fk designator translation is the 

same as the Fi designator of the storing unit, a third- 
order conflict exists. The unit is prevented from 
storing until the read flag of the conflicting unit is 
cleared. This occurs once a unit has set both of its 
read flags. 

The general sequence in handling third-order con- 
flicts is as follows. First, a unit desiring to store a 
result sends a Request Release signal to the Score- 
board near me end of its calculate time. This signal 
is then ANDed with an All Clear signal to generate the 
release gate, which allows storage of the result. The 
All Clear is the result of checking all read flags with 
the associated Fj and Fk designators and comparing 
them with the Fi (or FJ) designator (for the result) of 
the unit requesting release. The Release signal per- 
forms several necessary tasks in the Scoreboard, ft 
sends a Transmit signal to the functional unit to gate 
the result to the data trunk. It also generates a Go 
Store signal which gates the Fi (or Fj) designator to 
Register Entry Control to select the desired result 

register. Release also clears reservations in the 
Scoreboard (i.e., XBA designators, unit busy FFs, 
etc), ft also checks all Q designator translations in 
the event that a unit is waiting to use this result as a 
source operand. The Release indicates final termi- 
nation of an instruction and removes that instruction 
from the Scoreboard. 



example 27, the Add unit's Xj read flag is set 
immediately because Qj = 0. The Xk read flag is set 
when the Release for Multiply 1 occurs because Qk 
translates as 06 g. Each possible nonzero Q transla- 
tion is tied to the Release signal for the associated 
functional unit, ft is possible to set a read flag by any 
translation of Q ANDed with the associated Release 
signal or by Q = 00g. 

Once both read flags are set, it is necessary to 
send the functional unit its operands and to send a Go 
signal to the unit to allow it to begin its calculation. 
The Go FU signal is sent as soon as both read flags 
are set. This signal starts the functional unit timing 
chain. At the same time, the source register selec 



tion codes are sent (by a Go Read signal) to Register 
Exit Control to gate the proper operands to the unit. 
These codes are obtained from the F designators as- 
sociated with each unit. The se are three-bit desig- 
nators which are used to remember the source and 
result operand register numbers. They also are set 
when the Scoreboard is issuing an instruction. M 
example 27, once both read flags are set, the contents 
of the Fj and Fk designators of the Add unit are se 
to Register Exit Control and allow X2 and X5 to be 
gated to the Add unit. The read flags are cleared dur- 
ing the minor cycle after both are set. Set read flags 
indicate that an operand is waiting to be read. 

w 

The general second-order conflict case delays the 
start of a functional unit until both source operands 
can be read. Some special cases exist which are dis- 
cussed in detail in the logic analysis sections of this 

* 

manual. At this point, it is necessary only to under- 
stand the general case. 



REGISTER EXIT/ENTRY CONTROL 



Register Exit/Entry Control is the control logic 
used for gating data into and out of the 24 operating 
registers. R is a large translating network which de- 
codes tags sent from the Stunt Box or Scoreboard to 
enable the transfer of data to and from central memory 
or the functional units. Figure 72 is a block diagram 
which should be referred to while reading the follow- 
ing explanation. 



THIRD-ORDER CONFLICTS 



The possibility of third-order conflicts occurs when 
a functional unit has generated a result and wishes to 

store it in an operating register . If the desired result 
is waiting to be read, the unit must wait to store until 
after the read has occurred. 

Whether or not a register is waiting to read is de- 
termined by checking the Fj and Fk designators against the Central Read Operand instructions (5X1 through 



ENTRY CONTROL 

Entry Control is shown on the left half of figure 72. 
To the extreme left are the four general sources of 
information for the X, B, and A registers. They are 
central memory , data trunk 1 (Shift, Add, Long Add), 
data trunk 2 (Boolean, Divide , Multiply 1, Multiply 2), 
and data trunk 3 (Increment 1, Increment 2). 

Data is entered into the operating registers from 
central memory during Exchange Jumps and during 



the associated read flags in all the functional units. 
The result register of a unit is given by the Fi (and, 



5 X 5). Since memory references are involved , all of 
the gating tags are sent from the Stunt Box and are 



in some cases, Fj) designator of that unit. When a composed of the lower four bits (2° through 2 s ) of the 



unit requests to store a result, its result register 
number is checked against the read flags and F desig- 
nators of all other units. If any read flag is set and 



hopper tag ANDed with the Accept signal for the asso- 
ciated address. When an exhenage jump or a read 
operand address is accepted, the four-bit tag is sent 
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Figure 72. Register Exit/Entry Control 

Block Diagram 
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from the tag timing chain to Entry Control where it for a Bj register (during normalize or unpack opera- 
enables the information from central memory to the tions ) . Therefore, two entry control tags are shown 
proper X, B, or A register. 



Notice that during read operand references, the 
60-bit operand is first sent into the D register (1 
through 5) associated with the X register (1 through 5) 
which will ultimately receive the information. This 



for this trunk. They are go store Xi and go store Bj . 
These tags are also generated by the Scoreboard when 
a unit releases from the Fi (or Fj in the special shift 
case) designators. 



transfer is enabled by the Memory 



D signal which 



results from the simple translation: (tags 11 through 
15) (Accept). The operand is temporarily stored in D 
until any third-order conflict which may exist is re- 
solved. A read flag can be set for the X register 



which is to receive the operand from memory. When 



the All Clear signal occurs, the D 



X signal is 



generated and completes the transfer to X. 

During Exchange Jumps, new information is entered 
into the A, B, and X registers by hopper tags in the 



range, 60 through 



Tags 60 through 77 enable the 



exchange of A and B registers and tags 70 through 
enable exchanging X registers. 



result generated by the Increment units may be contents 



EXIT CONTRO L 

Like Entry Control, Exit Control has four general 
destinations for data from the operating registers. 
These are central memory, data trunk 1, data trunk 2, 
and data trunk 3. The exit control tags are also gen- 
erated from the Stunt Box or the Scoreboard. 

The Stunt Box generates tags for information which 
is sent to central memory during Exchange Jumps or 
Central Store Operand instructions (5 X 6 or 5 X 7 ) . 
During these operations, the lower four bits of the 
hopper tag are sent to Exit Control when the assoc i- 
ated address has been accepted (is not in conflict). 
The data, which can be A and B register or X register 



entered into 



B 



sent on the .memory trunk 



stored 



registers, depending upon during the write portion of the memory 



the instruction being processed (5X, 6X, or 7X) 
Therefore, three entry control tags are shown for the 
increment data trunk. They are go store Ai, go store 
Bi, and go store XI. Recall that Go Store occurs af- 
ter a functional unit has been released and enables the 
Pi designator content to Entry Control. The go store 

tags are generated by the Scoreboard at the comple- 
tion of an instruction sequence. Note also that sign 
extension occurs when storing an increment result 
(18 bits) in an X register (60 bits). 



For the increment data trunk, four exit control 
tags are shown in figure 73 since the Increment units 
can specify an A, B, or X register with the j octal 
and only a B register with the k octal. The four tags , 
go read Xj, go read Bj, go read Aj, and go read Bk 
are used to gate operands on this trunk. 



Results generated by the Boolean, Divide, Multi- 
' 1 or Multiply 2 functional units are always 60 bits 
length, and the result register of these functional Shift 



For data trunk 2 , all functional units spec ify onl 
X registers as source operands . Therefore, only g 
read Xj and go read Xk tags are required. 

For trunk 1, the Add and Long Add units can spec 
ify an Xj or an Xk source register (or both) while th 



units is always an X register. One entry control tag 



can specify an Xj or Bk register (or both) 



store Xi, is shown for data trunk 



The tag 



also generated from the Fi designators of the units on 
this trunk when the unit is released by the Scoreboard. 

The units on data trunk 1 (Shift, Add, and Long 
Add) all generate a 60-bit result for X registers, ii 
addition, the Shift unit can generate an 18-bit result 



The three tags, go read Xj, go 

c are required for this data tru 



read 



tl* 



go 




All go read tags are generated by the Scoreboard 



when both read flags for a unit have been 



This 



ables fiie Fj or Fk designator to Exit Control and 
gates the proper register to the proper trunk. 
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Figure 73. A General and Overall 6600 Computer Block Diagram 
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Figure 74. Central Processor Chassis Layout 131K 
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Figure 76. Central Processor Stunt Box Block Diagram 
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Figure 77. 6600 Stunt Box Detail Block Diagram 
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CHAPTER 5 

THE 6400 COMPUTER SYSTEM 



INTRODUCTION 



This chapter provides an introduction to the CON 
TROL DATA® 6400 Computer System. 



MARKET POSITION 



The 6400 is a large-scale, solid-state, automatic, 
parallel, digital computer aimed towards the general- 
purpose scientific market. Its input/ output section 
is made up of 10 small general-purpose computers 
and 12 data channels which are accessable to any of 

These make the 6400 competitive 



On 




these e 



in many areas. 



6400 SYSTEM GENERAL BLOCK DIAGRAM 

The general block diagram (figure 91) will help 
review the overall functional sections and their inter- 
connections, m the basic 6400 system, the only way 
to place data and instructions into the central memory 



through the peripheral processors 



The 



central processor (CPU) is controlled by the PPU 1 



When the CPU stops, only a PPU can restart 



The 



PPU' s do not 



Stop instruction 



SYSTEM CHARACTERISTICS 



The 6400 system characteristics may be divided 
into four parts: data channels, PPU's, central mem- 
ory, and central processor. 



Registered trademark of Control Data Corporation 
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DATA CHANNELS 

fa 

The 10 6400 peripheral processors are connected 
to 13 independent data channels. Twelve of these data 
channels are bidirectional land can be connected to I/O 
equipment. The other is permanently connected to the 
Real-Time clock and is used specifically for monitor- 
ing the clock. The Real-Time clock is a 12-bit, two's 
complement counter, advanced every one usee. 

The method used to connect the data channels to 
the peripheral processors allows any processor to use 
any channel. This scheme allows flexibility in han- 
dling I/O equipment. 

PERIPHERAL AND CONTROL PROCESSORS (PPU f s) 

There are 10 identical peripheral and control pro- 
cessors (PPITs) associated with the basic 6400 Com- 
puter System. Each is independent of the other and 
each has its own 4K, 12-bit memory. The basic cycle 
time is one usee. Each is capable of communicating * 
with the central memory, the 12 I/O channels and the 
Real-Time clock. Each processor is capable of exe- 
cuting a 64-instruction repertoire . The instructions 
include logical, branch, I/O, central memory access, 
direct, indirect, and indexing addressing modes. Av- 
erage instruction execution time is two usee. 

CENTRAL MEMORY 

r 

The central memory has 60-bit words grouped into 
4096 word banks, and it employs bank phasing. The 
three standard sizes available are 32 , 768 (8 banks) ; 
65, 576 words (16 banks); or 131, 072 words (32 banks). 



The 60-bit word is obtained by arranging five PPU 
memory modules in parallel. 

Therefore, the basic memory cycle time is the 
same as the PPITs; however, because of bank phas- 
ing, 60-bit words can be moved at a 100ns rate. The 
central circuits of central memory have a retry fea- 
ture which allows retrying a bank that was previously 
busy every 300ns until it is free. The control circuit 
also has a scanner which allows sorting of simulta- 
neous requests from different source s . Central mem- 
ory can process a request every 100ns. Data can 
flow into or out of memory at a rate of 60 bits every 
100ns. 

C ENTRAL PROC ESSOR UNIT (C PU) 

The 6400 CPU (figure 94) is a high-speed, binary 
arithmetic and control section. Types of instructions 
include: logical, branch, shift, increment, floating 
point, pack, unpack, normalize, floating point add, 
subtract, multiply, and divide (in single and double 
precision) . All instructions and data come from cen- 
tral memory, and all new data (results of programs) 
is stored in central memory (the CPU has no I/O in- 
struction). The instructions are executed in a se- 
quential fashion. Instructions are either 15 bits or 30 

bits in size, three-address type. The data word is 
always 60 bits. Data words are 59 bits and 1 sign bit 
in a fixed point format. Floating point has a 48-bit 
coefficient, 10-bit exponent, and two sign bits. Aver- 
age instruction execution time is approximately one 
usee per instruction. 



SYSTEM ELEMENTS 



The following list is a description of the various 
possible elements within a 6400 system* 

6415A central computer includes 32,768 60-bit 
words of magnetic core storage, 10 peripheral 
and control processors each with 4096 12-bit 
words of magnetic core storage, and bidirec- 
tional data channels plus a data channel exclu- 
sively used for read time clock monitor, 

6414A is the same as 64 15A except it has 65 v 536 
60-bit words of magnetic core storage. 

6413A is the same as 64 14 A except It has 131, 072 
60-bit words of magnetic core storage. 




SYSTEM BLOCK DIAGRAMS 

There are several system configurations possible 
with a 6400 computer. Each configuration has cer- 



logic to any detail. References are made to the logic 
in order to aid the reader in following the operation 
through the C PU. following this discussion are some 
general comments concerning the CPU. 



BASIC 6400 COMPUTER SYSTEM 

The basic 6400 system includes a central proces- 
sor, 10 peripheral processors and 12 data channels. 
This basic system can have three memory variations 
(32K, 65K or 13 IK) of 60-bit central memory. 



SPECIAL PURPOSE CENTRAL PROCESSOR 

A special purpose central processor can be added 
that improves the arithmetic capabilities of the basic 
system. This special purpose central processor can 
communicate with the standard PPU's and the standard 
C PU through the central memory. The special pen- 



tain advantages which depend on the needs of .the user. tral processor shares the central memory on an equal 
In this section of the manual, discussions analyze the 
C PU theory of the operation but do hot examine the 



basis with the standard CPU 



second standard 



CPU is installed, a 6500 system is formed (figure 92) 
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6681 DATA CHANNEL CONVERTER 

M 

The 6681 allows the 6400 peripheral processors to 
communicate with 3000 Series I/O equipment. The 

converter acts as a signal interface and allows users 
who presently have 3000 Series computers or equip- 
ment to use them with the 6400 system. The 6681 
must be the first equipment on the channel and can 
control up to eight pieces of equipment. 



GENERAL TIMING COMMENTS 

The 6400 system central processor has a unified 



arithmetic unit. Therefore , instructions in the 6400 



central processor are executed in sequential fashion, 
with little concurrency. Factors influencing instruc- 
tion execution time are summarized below. 



• The next instruction word is read from central 
memory between the execution of the first and 
second instructions . This process takes two 
minor cycles to initiate (the remainder of the 
RNI is parallel in time with the execution of the 
second instruction). 



ory instructions pay a time penalty for being the 
second instruction of an instruction word. This 
penalty is caused by hardware limitations and 
is not due to memory bank conflicts. 



Table 14. Second Instruction Word Penalty Time 



Instruction 



Jumps taken 

Return Jump 

Load/Store 
Minimum execution of 

second Instruction 



Second mstruction in 

Word-Time Penalty 

One minor cycle 
Two minor cycles 
Two minor cycles 

Eight minor cycles 



• If the second instruction references the same 
memory bank as (P+ 1), there is an additional 
penalty of three minor cycles due to bank con- 
flict. 

r 

• A Store (not Load) as the first instruction of a 
word can cause a bank conflict with (P+l). If 



this occurs , the penalty is three minor cycles. 



RULE 

two minor cycles for each instruc- 
word in a program which doe s not 
s a jump. 



The rules for efficient coding in the 6400 are listed 



All execution times listed are complete. The 
times include getting the next instruction ready 
to execute. The jump and return jump times in- 
clude reading up and preparing to execute the 
new instruction word. 



The Return Jump, Jumps, and Load/Store me 



below. 




• Put jumps in the upper parcel. This eliminates 

both the two minor cycle RNI penalty and the 

possibility . of having a memory bank conflict 
with (P+l). 

Where possible, keep Load/Store instructions 
in the bottom two parcels. 

• Loads and Stores in consecutive parcels do not 
cause memory conflicts with each other . 



CENTRAL PROCESSOR (CPU) 



The 6400 CPU (figure 94) is a very high-speed 24 flip-flop operating registers that are loaded and 



arithmetic device. It is capable of performing many 
arithmetic and logical operations and can communi 
cate with the central memory and the peripheral pro 
cessors. 



UNIFIED C ENTRAL PROCESSOR 

Instructions are acquired from central memory , 
decoded, and executed in a serial manner. Since in- 
struction s are executed one after the other rather than 



in a parallel fashion using functional units, the CPU 



is considered to be a unified arithmetic device. 



OPERATING REGISTERS 



In order to facilitate the execution of each program 
step and to reduce memory access times, operands 
used during the execution of an instruction come from 



stored under program control. 

F 

The C PIT s 24 operating registers are divided as 
follows : 



• Eight 60-bit X registers that hold operands used 
for computation. The X registers have a direct 
access path from central memory . 

• Eight 18-bit A registers. These registers are 
used for loading and storing operands in the X 
registers. These registers are known as the 
address registers. Changing an A register 
causes a memory reference for an associated 

X register. That is, changing Al through A5 
causes a memory read and XI through X5 re- 
ceive the operand. Changing A6 or A7 causes 
a memory write and the operand in X6 and X7 
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Is stored* AO and XO are not considered In this the address for the memory reference* The X6 and 



memory scheme. 

• Eight 18-bit B registers are used as index reg 
isters. 



All of the previously- mentioned register s are unique 
to the CPU and are not associated with the PPITs in 
any way. Figure 94 Illustrates the interconnections 

discussed. 



CENTRAL PROCESSOR OVERVIEW 

r 

r 

Figure 94 shows the CPU in a simplified manner 
An explanation of each major part will aid in the un- 
derstanding of CPU operations. 



INPUT 

All inputs to the CPU pass through this area. These 
inputs include instructions, operands , and control 
register contents. 



INSTRUCTION CONTROLS 



This area include s all instruction translation logic 
and the control sequences logic necessary to carry 
out the execution. 



OPERATING AND CONTROL REGISTERS 

The control registers include the Program Address 
register (P), the Reference Address register (RA), 
the Exit Mode register (EM), the Field Length reg- 
ister (FL) and the RAecs, FLecs, and MA registers 
for the ECS option. All of these registers are used 
in conjunction with the controls during the execution 

r 

and progression of instructions. 

The operating registers hold the operands used 
during the execution of instructions. There are 24 
operating registers divided into three groups of eight 
each: the address registers (A), 18 bits in size; the 
index registers (B), 18 bits in size; and the opera] 
registers (X), 60 bits in size. These registers are 
specified by the i, j, and k designators of each instruc- 
tion and serve as the source and destination of oper- 



X7 registers can only store operands whereas A6 and 
A7 are the associated address registers. Whenever 
Al through A7 changes because of an instruction des- 
ignating these destination registers, a memory ref- 
erence is automatically initiated. Whether a Load or 
a Store takes place depends upon which A register is 
changed. 



LARGE ARITHMETIC SECTION (LAS) 

The large arithmetic section is used during the 
execution of instructions using 60-bit operands, usu- 
ally of floating point format. It includes all multiply , 
divide, logical, add, and shift kinds of instructions. 
The LAS includes two 108-bit registers, an adder, a 
shift network, a normalize network, a shift and itera- 
tion counter, and all the necessary select circuits. 



SMALL ARITHMETIC SECTION (SAS) 

The small arithmetic section handles instructions 
using 18-bit operands. These include inc rement in- 
structions , jump instructions , and the exponent ma- 
nipulation for floating point instructions. SAS includes 

two 18-bit registers, an adder, an address range 
tester, and all necessary select circuits. 



OUTPUT 

The output section is where all data and control 
must pass on their way to central memory and ECS. 
This section includes operands, operating and con- 
trol registers for exchange jumps, all addresses de- 
veloped by the P register or central addresses for 
operands, and extended core storage addresses. 



CENTRAL PROCESSOR OPERATION 

The following section of this manual explains the 
CPU. Each major area is described along with its 
operations . 



INPUT 



All inputs to the CPU must go through Catching 
Register 9 (CR9). CR9 is 60 bits in size and consists 



and s for each executed instruction. This eliminates of ungated flip-flops receiving data from coaxial cable 



inputs. Each flip-flop has a three-way fan-out asso- 
ciated with it. Two of the outputs are gated; the third 
is not. Bits 48 , 49 , and 50 have an additional output 
for the Exit Mode register. CR9 is unconditionally 
cleared each minor cycle. 



the need for a memory access to execute an instruc- 
tion, and this greatly increases the speed of execution. 
The initialization of the operating registers is done by 
either the Exchange Jump or by execution of an in- 
truction. 

The X register s can also be loaded directly from 
memory and are also the focal points for operands 
that must be written into memory . This loading and 
storing of the X registers with memory makes use of 

the A registers. Five of the X registers, XI through in mis area. They are data transmitters (60), ECS 



OUTPUT 

AH addresses and data pass through this area of 
the C PU. There are four basic sets of transmitter 



X5, are designated as being receivers of operands. 
The associated A registers, Al through A5, serve as 



address transmitters (24), read P transmitters (17), 
and central address transmitters (17). 
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into U3. 



16 and r? inverter groups are the fan-in circuits advanced again. Thus, the next 15-bit parcel is en- 
that collect all the necessary data that is sent by the abled through U2 and would be the next parcel gated 
data transmitters to central memory (usually on Ex- 
change Jump)* The read P transmitters send the con- 
tents of the CPU P register to file peripheral proces- 
sors unconditionally every 100ns ? 



INSTRUC TION CONT ROU? 

The instruction controls section of the CPU re- 
ceives, temporarily holds, decodes, and then executes 

instructions. The section contains the receiving, hold- 
ing, op code translating, and sequencing logic. 

All instructions flow from CM through the read 

distributor to CR9. From CR9 the instructions con- 
tinue to the Ul register where they are disassembled. 
A 60-bit instruction word can be made up of four 15- 



Afler parcel and parcel 1 have been taken out of 
Ul,. the remaining 30 bits axe sent to the RNI hold 
register. This register holds' the last two parcels 



while the next 60-bit instruction word is read from 



CM. When the parcel counter equals two or three, 
the bits are enabled from the RNI hold register through 
U2 . When me parcel counter is advanced from three , 
it will go to zero, enabling parcel from Ul. This 
will be the first parcel of the next 60-bit instruction 
word. 

r 

An RNI occurs after execution of the uppermost 
instruction in each 60-bit instruction word. If the 
uppermost instruction is 15 bits , RNI occurs between 



bit instructions, two 15-bit and one 30-bit instructions, parcels and 1. If the uppermost instruction is 30 



or two 30 -bit instructions (figure 89). 



15 



15 



15 



15 




15 



30 



15 




Figure 89. Instruction Position Variations 



The disassembling of a 60 -bit instruction word is 
called parceling. A parcel in the 6400 is a group of 
15 bits. A 60-bit instruction word is grouped as shown 
in figure 90. Parcel is always copied from Ul first, 
then parcel 1 , parcel 2, and finally parcel 3 . 
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45 44 



30 29 



15 14 



00 







1 



2 



3 



Figure 90 . 6 0-bit Instruction Word Grouped in Parcels 



A parcel counter circuit enables each parcel fro: 
Ul through U2 to the U2 translators and slaves. Nor- 
mally, the enable is up for most of an instruction exe- 
cution time. However, the gate is not made into U3 
until the next parcel is needed. 

One parcel is one 15-bit instruction. However, a 
30-bit instruction needs two parcels. Because only 
one parcel is moved at a time, tile upper 15 bite of a 

30-bit instruction move to U3 first, then the parcel 
counter is advanced. This enables the next parcel, 
(the lower 15 bits of tile 30-bit instruction) through 



U2 . Notice that the U2 slaves also feed the 13 inverter 



group and that the lower three bits(k) of U3 also have 
a path to 13 k and the lower 15 bits make up the K of a 
30-bit instruction. K Is gated into 13 early during the 
execution of an instruction and the parcel counter is 



bits, RNI occurs between parcels 1 and 2. 



TYPES OF RNI OPERATION 



Normally, obtaining an instruction for the 6400 
C PU to execute requires a parcel from Ul or the RNI 
hold register contents to U3. This type of reading 
next instruction (RNI) operation is called parcel RNI. 

After the first parcel RNI and the execution of the 
first instruction, the contents of the P register are 
advanced and added to the RA register contents to ob- 
tain the actual CM address of the next 60-bit instruc- 
tion word. This addition needs the small arithmetic 
section circuits for only 200ns, after which time the 
CPU waits for CM. Reading up of the next 60-bit in- 
struction word while the second (and possibly third 
and fourth) instructions are being executed is called 
a full RNI. 

After jump instructions, (Exchange Jumps , Con- 
ditional, Unconditional, etc.) the next instruction is 
in the following 60-bit instruction word still in CM. 
Therefore, a parcel cannot be taken from Ul or RNI 
hold registers. The C PU must stop and wait until the 
next instruction is available in Ul. This process of 



sending an address to CM and then waiting until it is 
in Ul is called an initial start RNI, or simply an ini- 
tial start. Usually the address sent to CM would be 
(P) + (RA). However, the Return Jump instruction 
advances (P) during its initial start. 

Unlike the parcel RNI, the initial start operation 
does not place an instruction into U3 and start exe- 
cuting it. Rattier than duplicate a parcel RNI, the 
6400 CPU stops an initial start after the word is in 
Ul and then starts a standard parcel RNI operation. 



LARGE ARITHMETIC SECTION (LAS) 



The LAS is used during execution of most central 

processor instructions. Most instructions using 18-bit 
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operands do not use this area of the C PU. The focal 
point of the LAS is the 108 -bit D adder. 

■ 

The C and D registers , each 108 bits in size, serve 
as feeder registers for the D adder as wen as trans- 
fer paths used during instruction execution. The other 
important parts of the LAS are the 14 and 15 inverter 
groups which serve as fan-in, fan-out, and control 
inverters during instruction execution. 



SMALL ARITHMETIC SECTION (SAS) 

SAS is used for operations involving manipulation 
of 18- bit operands (increment instructions , jumps, 
exponent handling during floating point operations , 
and updating of P register during program execution) . 
Central to this section is the 18-bit F adder. 

- 

The 18-bit E and F registers are the feeders. Other 



registers 




12, and 13) serve as fan-ins 



from the various operating and control registers. IB, 
in addition to being a transient register for some op- 
erations of LAS, is used by SAS to forward addresses 
to central memory. 



6400 CENTRAL MEMORY CONTROLS (CMC) 

CMC is the overall control center of CM. It re- 
ceives the address, requests, and other signals that 
may be necessary. It then initiates and controls the 
operation within itself, the CMB, and the data distrib- 



utor until the operation is complete (figure 95). Fig- 
ure 95 is a block diagram showing paths for addresses 
as they flow through CMC. The following paragraphs 
describe various elements of the CMC. 



Catching Registers (CR0 t CR1, CR2) 

Catching registers are ungated flip-flops 
ceive data from a coaxial cable. Since the input 
not gated, there is an ability to degkew data tram 



that 



4 



rttted from chassis to chassis. The 



has three 



such catching registers. They are Catching Registe 



fer. During this operation, the updated new address 
formed by the address incrementor goes to CR0/CR1 
as part of the recirculation path for the counter. 



Peripheral Address Register (PAR) 

The PAR is a secondary register associated with 



CR2 



This registe 



necessary since the PPlfs 



are unconditionally sending (A) to CMC every 100ns. 
Each word received by CR2 is automatically gated to 
PAR. When PPU 1 s intend the word to be an address , 
they send a request along with the address. This re- 
quest blocks the input gating term to PAR after the 
desired address is in PAR. The blocking input pro- 
tects the address until it can be accepted by the CMB. 



Gate Circuits 

i 

^ 

The gate circuits allow Hie movement of the ad- 
dresses from a register to the proper point depending 
on the operation. 

The memory address register gate (MAR gate) gates 
one of the four possible inputs to the Memory Address 
register. Such gating is used on all CMC operation 

The address incrementor register gate (AIR gate) 

gates one of the four possible inputs to the Address 

Incrementor register during Exchange Jumps and ECS 
operations . 

The catching register gates (CR gates) gate the 
updated contents of the Exchange Counter register 

(EKR) from the exchange counter to the EKR, during 
Exchange Jumps. 



The tag bit gate (TB gate) is used to gate a Go, No- 
Go condition to the tag bit sequences. This is used 



on all CMC operations, 



(CR0) for central processor addresses, Catching 

Register 1 (CR1) for central processor 1 addresses, 

and Catching Register 2 (CR2) for peripheral proces- 
sor addresses. 

CRO/l receive all addresses sent by the CPU. The 
address may be for an operand (or an instruction) or Address Incrementor (AI) 



Memory Address and 

Address Incrementor Registers (MAR and AIR) 

Various other registers within CMC, such as the 
MAR and the AIR, are Used as common registers dur- 
ing CMC operations. MAR receives all addresse 

that are to be transmitted to CMB... AIR serves as a 
holding register for AL Such would be the case dur- 
ing Exchange Jump and ECS operations. 



may be the starting address for ECS transfer. CR2 
receives all addresses sent by any of the PPU*s. The 
address may be for Data Read (or Data Write) or may 
be the starting address for an Exchange Jump. CR0 
and CR1 also are used as holding registers, for ex- 
ample, CR0 and CR1 are not cleared on normal CPU 
requests until after the address has been accepted. 



AI is an 18-bit two's complement counter, ft is 
used to update the original address during an Exchange 

Jump and to update the ECS oper ations exchange counter 

(EK). 

The exchange counter is used during Exchange 
Jumps only, ft counts the addresses during an Ex- 



This is necessary since there may be an attempt to change Jump to determine when the Exchange Jump 



retry the address if no Accept is received. CR0 and 
CRlalso act as holding registers during an ECS trans- 



is completed. 
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Tag Sequences 

' w 

t 

The tag sequences are used to identify memory 
references since several addresses may be operating 
in CMC Accept. The tag sequences are started when 
the address is transmitted toCMB. The sequence de- 
termines the time period before an Accept is expected. 

no Accept is present, the retry circuit is initiated. 
There are several tag sequences. They are listed in 
table 15. 




Table IS. Tag Sequences 



Tag Bit 



Description 



Peripheral 

Tag Bit (PTB) 

Write Tag Bit 
(WTB) 



X Tag Bit (XTB) 



CPUO Tag Bit 
(COT) 



CPU! Tag Bit 
(C1T) 



Present on PPU read or write 
operations . 

Present any time there is a 
write operation intended from 
PPU 1 s or CPU's (including Ex- 
change Jump and ECS opera- 
tion). 

r 

Present during an Exchange 
Jump or an ECS transfer. 

Present during C PU request 
memory read and write and 

during peripheral exchange to 

CPUO. 

Present during CPU1 request 
memory read and write and 
during peripheral exchange to 
CPU1. 



tag sequence cycle time is 325ns, and it is initi 



ated by the tag bit gate 



Go to CMB is 
If the Accept 



sentwhen the tag sequences are started. Ii 
has not returned before the near-end of the tag se 
que nee, a retry will be initiated. 



Retry 

The retry sequence determines the time between 
Go signals for an address requesting CMB. If an ad- 
dress cannot be accepted because of a bank conflict, 

r 

this address is resent to the CMB every 300ns until 
accepted. The retry sequence is initiated at the time 
the Go is sent to CMB. The retry sequence is made 
up of the retry 1, retry 2 and retry 3 FFs. Retry 3 
sets only if there is no Accept received for the ad- 
dress mat started the sequence. If retry 3 does set, 
the address and Go signal are sent to CMB. This also 



restarts the retry sequence. 

Bank conflicts ar ise when an address is sent to a 
bank that is busy with a previous request. A bank is 



try to access the same bank. The first address makes 
the bank busy and CMC receives an Accept within the 



irst 100ns after issue. The second address issued 




to the bank has to retry three times before it can be 
accepted. The third address, issued 100ns later, re- 
tries six times before it can be accepted. The fourth 
address encounters the longest possible delay for an 

address because of bank conflict. 



Accept Sequence 

The accept sequence is initiated by an Accept signal 
returning from CMB. The Accept signals from all 

r 

banks come into two accept 1 and accept 2 ungated FFs. 
The output of accept 1 and accept 2 are strobed into 
accept s every minor cycle. If the Accept is for a 
central processor address, the Accept signal is re- 
transmitted back to the proper C PU determined by the 
tag sequence. This allows the CPU to communicate 
with the data distributor at the proper time. The out- 
put of accept 3 is sent to the retry circuit and inhibits 
the setting of retry 3. This stops the sending of sue- 

w 

J 

cessive Go signals for that address. The output of 
accept 3 is also sent to a circuit that examines it with 
respect to the peripheral tag bit sequence for the pur- 
pose of sending back the Resumes to the PPlTs. The 
output of this circuit also starts the PPU read or write 
sequences that communicate with the CMB data dis- 
tributor which times the placing or removing of the 
data in the distributor for PPU operations. The re- 
maining flip-flops in the accept sequence (accept 4 
through accept 12) are used for the All Quiet network. 
The All Quiet is used to determine the starting of an 
Exchange Jump. 




Within CMC, some consideration must be given to 
the possibility of the PPU's, CPUO, CPU1, and ECS 
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aking simultaneous requests. These simultaneous 
requests must be recognized and sorted out to utilize 
the central memory in the most efficient manner pos- 
sible. This sorting operation is done by the scanner. 

The scanner contains two flip-flops interconnected 



to form a closed loop* At first glance, with no re- 



quests, the circuit appears to be free-running. The 
first flip-flop sets the second, the second clears the 
first which then clears the second, which then resets 



the first flip-flop, etc. However, in actual operation, 
the scanner locks up in & position with the set and 
cleared sides of both flip-flops equal to a one output. 
This method is faster thai} a free-running scanner. 
Assuming no requests are present, and a request oc- 



curs, the time needed for it to be recognized and en- 
abled to leave the module is less than 20ns , 

considered busy for the complete one usee cycle time Central memory control recognizes requests from 

of that memory. The situation that causes the longest either the PPU*s, CPUO, CPU1, or ECS and gener- 



delay of a bank conflict occurs when four addresses 



ates a Stop Scanner signal corresponding to the device 
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which made the request. Assuming a PPU request is then ECS, and finally CPU 1. Normally, the scanner 
present, the scanner stops with both bits of the counter only remains locked up for about 75ns. However , 
cleared (00.2). This gives a counter translation 



Scanner = PPU, which allows the PPU request to ac 
tually start a CMB reference. At 
requests have to wait until the scanner is released 

The next de v ice to have its request 



: when an Exchange Jump is being executed, the scan- 
ner is stopped until the exchange is completed (ap- 
this time, all other proximately 1.6 usee). This ensures the rapid com- 



red is CPU 



pletion of the Exchange Jump by eliminating memory 
conflicts. 



Data Peripheral Central Central 

Channels Processors Memory Processor 




Figure 91. 6400 System General Block Diagram 




12 Data Channels 
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Figure 92. 6500 System General Block Diagram 
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Figure 93. 6400/6500 Chassis Layout (131K) 




((Xj+Xk EC) + Underflow + 
Overflow + Divide Fault) 



(40-42) + 
44+45 + 47 



((Xj + Xk EC) + Underflow + Overflow + Divide Fault) 



Figure 93a. 6400 CPU Sequence Control Diagram 
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Figure 94. 6400 Central Processor Block Diagram 
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Figure 95. Central Memory Block Diagram 
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CHAPTER 6 INTRODUCTION 

6000 SERIES This chapter describes the magnetic core storage 

MAGNETIC CORE STORAGE ANALYSIS (MCS) areas which are used in the 6400 Computer 

System. The three general areas are per iphe ral 

processor memory, central memory (CM), and ex- 
tended core storage (ECS). 

PERIPHERAL PROCESSOR MEMORY 

Each peripheral processor has its own independent 
4K 12 -bit word memory. One memory module makes 
up each memory in the PPV* s . The complete cycle 
of any PPU memory is one jisec. 

CENTRAL MEMORY (CM) 

The central processor uses the central memory 

which can vary in size from32K to 13 IK 60 -bit words. 

Five memory modules logically ganged together make 
one 4K (60-bit word) bank of central memory. The 
complete memory cycle for any bank is one jisec. 
Since the central memory is bank-organized, greater 
speed in retrieving data is possible. This is accom- 
plished by overlapping bank accesses. Speeds of 100ns 
per data word are possible by accessing different 
banks in sequence. 

Peripheral processors are also able to access the 
central memory. Communications between the CPU 
and the PPU' s are accomplished through this multiple 
access scheme of the central memory. 
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(TENDED CORE STORAGE (ECS) 



ECS is an optional item on the 60(H) computer sys- 
tems. R is intended as a fast method of back-up stor- 
age for central memory. The extended core storage 
can vary in size. However, there are some basic 
facts that can be considered. 

The memory cycle time of the ECS is 3 . 2 usee per 
488-bit word. The 488-bit word is equivalent to eight 
central processor words, and each has its own parity 
bit. By using this large word size, the slower cycle 



time is not considered since memory data flows be- 
tween ECS and central memory at 100ns rates. The 
ECS is ideally suited to the 6000 computer systems 
since the data trunks that carry data between the cen- 
tral processor and central memory are taxed very 
little by the central processor. 

Elements of the ECS include the ECS banks, the 
ECS multiple-access controller, and the coupler as- 
sociated with the central memory. 



DETAILED DISCUSSION OF CORE STORAGE SYSTEMS 



Study of the magnetic core storage systems of the 
6000 computer systems involves examination of sev- 
eral areas of the logic and electronics. , The areas to 

be considered are listed below and explained & detail 
on the following pages* 



[ule 



• Logic and electronics of the storage 

• PPU memory scheme and control 

• Central memory control (CMC) 

• Central memory banks (CMB) 

• Central memory read and write distributors 



ECS controls 
ECS Coupler 

ECS controller 
ECS banks 





The coinci- 
A core is 



They are a horizontal drive (H) wire, a vertical drix 
(V)wire, a horizontal inhibit (I) wire, a vertical inhib 
(I) wire, and a diagonal sense (S) wire, 
dent current switching technique is used 
addressed by simultaneously driving half-amplitude 
(200 ma) current pulses through a selected H wire and 
a selected V wire. 

Only one core among all those in the matrix is sub- 
jected to a magnetizing force sufficiently large to 



magnetic state 



This core is at the inter 



the selected H and 



All other cores 



the same row or column as the selected core re- 
ve half- amplitude current pulses and are said to 
half-selected. In figure 96 , if the left-most V wire 



and the top H wire carry current pulses, core 



.a 



fully selected, core* 
core D is unselected 



and C are half- selected, and 



STORAGE MODULES 

The storage module stores 4096 12-bit words. The 
module uses magnetic cores and coincident current 
technique s in reading and storing data in the cores . 

The complete time (cycle time) to read or store one 

word is 1000ns. 



MAGNETIC CORE MEMORY 



GENERAL PRINCIPLES 

Hie memory uses the permanent magnetic proper* 
ties of ferrite cores to store the bits of computer 
words. A magnetic core is a bistable device capable 
of storing a one or a zero, depending upon its state of 
remanent magnetization. 

Wires carrying current pass through the cores and 
magnetize them in one direction or the other. The 
direction of current flow determines the direction of 
lagnetization. Approximately 4 00 ma turns of mag- 
netizing force are required to switch a core. 

The cores are assembled in a square matrix or 
emory plane. Five wires pass through each core. 




Figure 9$. Core Selection 
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The polarity of residual magnatization determines 

the binary information stored in a core. The magne- 
tizing force of a read current pulse on the selected H 

and V wires stores a zero. The absence of a pulse on 
the I wires permits a one to be stored by the write 
pulse. 



to 



Bs. 



Applying a read pulse to the selected H and V wires 
extracts or reads information from the selected core. 
If the core previously stored a one, the pulse drives 
it to zero. This change induces a pulse in the S wire. 

The pulse in the S wire is interpreted as a one bit 
from the core. If the core previously stored a zero, 
the read pulse does not affect it and no pulse is induced 
in the S wire. This absence of a pulse is interpreted 
as a zero bit from the core. 



One memory plane holds 4096 cores in the 64 by 64 
array. To use the coincident-current technique, each 
bit of a word is stored in a separate plane. Therefore, 

12 bits require 12 planes. 



DESCRIPTION OF MAGNETIC CORES 



The magnetic properties of a core are represented 
by its hysteresis loop (figure 97) which plots magnetic 
flux density (B) as a function of the field intensity (H). 



B 




H 



Figure 97. Hysteresis Loop 



If current flow sufficient to 



field intensity 



of +Hm is applied to the drive lines, the flux density 
increases to saturation (+Bs). When the current is 
removed, the flux density drops to the residual posi- 
tive value (+Br), which is the zero state, and remains 
there. Another pulse of +Hm merely shifts the core 
to +Bs again. After the pulse is removed, it drops 
back to +Br. Application of current flow sufficient to 
cause afield intensity of -Hm reverses the flux density 



When the current is removed the flux density 

drops to the residual negative value (-Br), the one 
state. 



The basic memory cycle is composed of half-ampli- 
tude pulses. Each pulse is capable of producing afield 
intensity of Hm/2. A half- amplitude pulse is insuffi- 
cient to switch the core because the flux density re- 

* 

turns to the residual value, or a slightly lower value, 
after the pulse is removed. The coincidence of two 

F 

half-amplitude pulses, one on the H drive line and the 
other on the V drive line of a core, produces a net 
field of Hm which is sufficient to switch the core. 
When a half- amplitude pulse drives the flux density 
toward the knee of the hysteresis loop, the flux travels 
up (or down) the knee somewhat and then returns to a 
slightly lower residual value such as B. Since the 

is now operating on a smaller loop, further half 
pulses reduce this remanent flux again. However 



core 



this effect 



reaches a limit, as at point D 



Core 



characteristics are such that the hysteresis loop is 
nearly square and half- amplitude pulses produce a 
small flux change. The smaller the flux change, the 
smaller the induced voltage on the sense line, 
lowers the noise on the sense 
cores. 



This 

line due to unselected 



Any change in the magnetic state of a core causes 
a change in the total flux linking the core and any wind- 
ing passing through it. Such a change produces a 
voltage output on the sense winding (figure 98). During 
the period that H is applied, the voltage is sampled to 

switches. If alarge voltage is sensed, 

one state and has switched. If only 




if the 



sensed, the 



was in the 



the core was in the 

r 

a small voltage is 

state and has merely shifted from +Br to +Bs and back 
again. 



Read Drive 




Figure 98. Sense Voltage 



All 4096 



in a pla 



* 

line: 64 horizontal 



\ strung on a common 
and 64 vertical cores 



contribute to the sense line voltage when reading. 



The 



total voltage induced by the 126 partially selected 



less than the voltage induced 



the line by 



the one core which has switched. The sense line is 
strung diagonally through the cores of a plane in such a 
way that voltages from unselected cores tend to cancel. 
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STORAGE MODULE CONSTRUCTION 



the stack and is rotated 90 degrees (CCW) 



The 



A storage 



IHM 



tule consists of several assemblies 



connected mechanically and electrically. These as- 
semblies are listed below. 

Memory plane (total 12) each of which holds 4096 
magnetic cores 

Stack which is the 12 memory planes assembled 

Drive deck (2) which contains circuits Which 
supply current to the horizontal and vertical 
drive lines 



Inhibit deck (4) which contains circuits which 
supply current to the horizontal and vertical 

inhibit line 



• Connectors (2) to provide electrical access to 
torage module circuits 

Miscellaneous mechanical parts for assembly 
and cooling. 



Registers external to the storage module hold the 
12-bit address and 12 -bit word to be stored. External 
(to module) amplifiers terminate the output of the 12 
double-ended sense lines and distribute the 12-bit read 
word. 



MEMORY PLANE 

A memory plane is a 4 by 4 inch printed c ircuit 
board which holds 4096 cores in a 64 by 64 matrix. 
The cores are strung in an alternating pattern, and 
five wires pass through each core. The wires ter mi- 
ate on the inside edges of the board. Printed wiring 
carries the connections to the outside edges (top and 
bottom) for easier access. 

The 64 horizontal drive line connections are brought 
to connections on each of two opposite sides of the 

board. The 64 vertical drive lines are similarly ar- 
ranged on the other two edges. The sense line is a 
ingle wire threading all cores, and its two ends are 
brought out at one corner of the board. Inhibit line 
connections are brought out to the other three corners. 



STACK 



The 12 memory planes are assembled into a stack 
about two inches thick. A thin metal plate between 
each plane and on the front and bade of the stack pro- 
vides shielding and acts as a cold plate for cooling. 

The drive line connections are made as shown in 
figure 99. Each drive line threads all 12 planes and 
returns to its drive deck. Horizontal and vertical 

* 

drive decks are identic al and are located at opposite 

ends of the stack* 

The vertical drive deck mounts on the front of the 
stack and the horizontal drive deck mounts at the back 



assembled stack allows extremely short drive (and 
also inhibit) lines and hence a low inductance. 



latter is a contributing factor in the cycle time 
at which memory can be referenced and res 



The 
rate 



« Dili 



The sense and inhibit lines are distributed evenly 

at the four corners of the stack for easy connection to 
the drive and inhibit decks and connectors. The even 
distribution results from rotating a plane 90 degrees 
with respect to an adjacent plane. 



DRIVE DECK 

One drive deck supplies current to the horizontal 
drive lines and the other deck supplies current to the 
vertical drive lines. The two decks are identical. 

A deck has two printed circuit boards with printed 
wiring on both surfaces of a board. Components are 
mounted on and between the boards. A deck contains 
a read and a write current source and circuits to select 
each of the 64 drive lines. 



INHIBIT DECK 

The four inhibit decks supply current to the hori- 
zontal and vertical inhibit lines. The inhibit decks 
are of two types and the types differ only in printed 
wiring layout. 

Inhibitlines on a plane are arranged in four 16 -line 
groups in horizontal and vertical directions. Each 
deck has six current sources and circuits to select 
one of four groups on six planes. 



CONNECTORS 

The two connectors provide electrical access to the 
stor age module. 



MECHANICAL PARTS 

Mechanical parts join the several electrical as- 
semblies. The face plate supports the rest of the 
module and connects to the cold bars in the chassis. 
Various metal plates within the module also become 
cold bars through conduction. Component heat in the 
module flows by conduction and convection to the chas- 



cooling system 



The connectors are mounted 



the rear plate and secure to mating connectors in the 
chassis. 



ADDRESS SELECTION 

A memory reference provides a 12 -bit address and 
read or write control information (i.e., whether the 
address is to be read or stored). All memory ref- 
erences cause a complete storage cycle which consists 
of read drive, inhibit drive, and write drive. Figure 
100 shows memory cycle timing. 
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HORIZONTAL 
DRIVE 
TRANSFORMERS 



J 



Figure 99. Drive Line Connections 

4 
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Change 
S 




Figure 100. Memory Cycle Timing 



.1 



The read drive cycle reads the 12 bits at the se- 
lected address and produces a one on the sense line 
for stored one. In doing this, the read drive switches 
the cores to zero and destroys the information. A 
stored zero produces a zero on the sense line. The 
data read out is restored or written in memory during 
the write drive cycle. The write drive attempts to 
write all ones for the data word, but the inhibit drive 
prevents writing a one in those bit positions where a 
zero should be stored. 

The word to be stored is held in an External Write 
or Restore register. The word in this register for a 
read memory reference is the word read out on the 
sense line, but for a write reference it is the word to 



be stored. External control 



s 



the proper 



Hie 12 -bit address is available 



translated stat 



ically during the read, inhibit, and write drive cycles. 
External control sends Read, Inhibit, and Write Drive 



signals to the 



ule in the proper time sequence so 



that drive and inhibit current is applied to the line 
as shown in figure 101. 



DRIVE CIRCUITS 

Translations of the 12-bit address provide 4096 
unique codes to select any one core on a plane (ac- 
tually, same core on 12 planes). Figure 102 shows 
the relation of the address bits to the storage cycle. 

The two drive decks are identical and active coin- 
cidentally since both receive the address. The drive 

(assume horizontal) circuits have separate primary 
read and write current sources. Both feed eight cur- 
rent transformers (figure 102) through a double pri- 
mary winding arrangement. These transformers 

provide eight current sources, each of which feeds 
one drive line transformer in each of eight groups. 
The drive transformer secondary winding connects 
to the ends of the drive line which thread sail 12 planes. 



There are eight diverter circuits and each feeds 
eight successive driver transformers. One of the 
eight diverter s is selected to divert current to the 
proper drive line transformer and its drive line. 

a single current source can be diverted 



Separate translations 



Therefore, a s 
to any of 64 drive 
three -bit portions of the address select one of eight 
current source transformers and one of eight diver- 
ters to divert current from the source to a drive line. 
Since both drive decks are turned on at the same time, 
a coincident current is produced in one core on each 
plane. 



64 



transformers on each deck are 



arranged that the 32 odd line transformers are on one 
edge and the 32 even are on die opposite edge. Suc- 
cessive lines are driven from opposite sides of the 
deck. The arrangement provides an opposing current 
relationship with the inhibit drive lines. 



CURRENT SOURCE 

The primary read or write current sources are 
large inductances charging chokes connected between 
the +6v supply and the eight current transformers 
(figure 102). Current of about 250 ma is available 
and this is shunted to ground through transistors Ql 
(and Q?) and its collector resistor (several in paral- 
lel) during nonread or nonwrite times. This load net- 
work is provided so that the power supply load is ne arly 
constant at all times. Losses in the current trans- 
former and drive line transformer allow about 200 ma 
to be delivered to the drive line during the storage 
cycle . 



ight current transformer 



selected from 



transformer matrix. The upper two bits o 

elect one of four trans 



the three-bit drive translation 
former groups, and the lower 
two in that group. The Read or Write Drive signal 
combined with the one of two selection. 



the 
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BIT 4 




BIT 3 




BIT 2 




BIT I 




BITO 





STABISTOR 



READ LOAD NETWORK 



Figure 101. Drive and Inhibit Timing 



Figure 101 assumes alOO-binary code in the three- 
bit drive position and shows that transistors Q5 and 
Q6 turn off (shown as AND) and Q7 turns on to select 

transformers T4 and T5 in the one of four group. 

Transistors Q8 and Q9 turn off and Q3 turns on to 
select the read side of T4. Read load network tran- 
sistor Ql turns off and current flows from ground to 

the +6v source via transistors Q7 and Q3, transformer 
T4, diode CR1, and inductor LI. 

A high impedance is presented to inductor LI when 
read load network transistor Ql turns off and the volt- 
age level at the junction of diode CR1 and inductor LI 
rises rapidly. However, diode CR4 conducts to place 
stab is tor CR10 in the circuit which limits the peak 
voltage at the junction to 15v. Current loss in T4 is 
about 25 ma, so 225 ma flow in the secondary and are 
diverted to a drive transformer. 



A voltage is coupled to the other primary winding 
of T4 whenQ3 is conducting. The voltage back-biases 
diode CR2 to prevent the collector of Q4 from becom- 



ing negative with respect to its base. This turns on 
an unselected circuit and by so doing defeats the se- 
lection mechanism. 



The 



it operates in a similar manner in the 



write cycle except that polarities in the current trans 
former are reversed. 



DIVERTER CIRCUITS 



The eight diverter circuits divert read and write 
current to the drive transformers. Each circuit feeds 
eight drive transformers, one for each current source 
transformer. The selected current source trans- 
former drives eight lines, but only one of the eight is 
diverted. 



Figure 101 shows one of eight diverter circuits 
and its selection from the three address bits used to 
divert. The collectors of Q10, Qll, and Q12 feed the 
base of the NPN transistor directly and the base of 
the PNP transistor Q15 indirectly via transistor Q13 
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which inverts the combined Collector signal. The 
action establishes positive and negative turn-on sig- 
nals for titie bases of Q14 and Q15. Emitter bias on 
these two transistors is established by the divider 
network of R01, C01, and diodes CR7, 8, and 9. The 
diode threshold is about . 7 v for a combined drop of 
about 2.2 v and proper emitter bias. 



Diode CR5 is forward-biased during read drive to 
complete the circuit of the selected current source 

transformer. Diode CR6 is back-biased during read 
drive and Q15 does not conduct. Current flows from 
the current transformer through the drive transformer, 
diode CR5, transistor Q14, and back to the current 
transformer. 



ADDRESS 



+«V 




TRANSFORMERS 



12 

PLANES 



DRIVE 

TRANSFORMERS 

(64) 



Figure 102. Primary Read/Write Current Sources 
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Some current is lost in the drive transformer. 
About 200 ma of the available 225 ma are delivered to 
the drive line, which appears as a balanced load to the 
drive transformer secondary. Resistors connected 
across the current source secondary winding and drive 
transformer primary winding load the transformers 
and damp out the transformer ringing produced when 
the transistors shut off at the end of the cycle. 

Diode CR6 is forward-biased and diode CR5 is back- 
biased during write drive. The circuit operates the 

same as during read drive except current flow and 
polarities are reversed. The write drive starts (write 
load network turned off) 90ns after the re ad drive stops. 

The delay period allows the transformers to discharge 
their stored energy, which prevents a flux buildup or 
transformer bias condition. 



INHIBIT CIRCUITS 

The inhibit circuits cancel the effect of write drive 
and allow zeros to be stored in memory. Inhibiting 
is done with 100 ma drive current on coincident hori- 



zontal and vertical inhibit lines. The resulting 200 ma 
coincident inhibit current produces a magnetic field 
in opposition to the field from the 400 ma coincident 
current write drive which cancels half of the write 
drive field. The resultant field, or half-amplitude 
pulse, is not sufficient to switch a core so it remains 
in the zero state produced by the read drive. 

Inhibit drive is plane selective and is turned on 
when a given plane should store a zero as indicated 



by the content of the Restore register. The register 
holds the complement of the word to be stored . Fig- 
ure 103 shows the opposing current relationship of 
inhibit and write drive signals in a four-bit plane . 

The inhibit lines are arranged in four 16-line groups 
(figure 104) in vertical and horizontal directions . Two 
inhibit decks drive vertical lines, and the other two 
inhibit decks drive horizontal lines. Each deck han- 
dles the four groups in six planes. Only one 16 by 16 
core area in each plane receives horizontal and verti- 
cal inhibit current when a zero is stored. 
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Figure 103. Opposing Current Relationship 

of Inhibit and Write Drive Signals 
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Figure 104, Group 1 Inhibit Lines 



The group chosen is a one of four selection from a 
translation of a two-bit address quantity. Separate 
two-bit address quantities (figure 105) accommodate 
horizontal and vertical selections. 

•m 

Figure 105 shows an inhibit group selection circuit 
(assume horizontal) activated by two address bits. 
The circuit forms four unique translations of the bits 



using diode AND circuits 
the base of an emitter fc 
one inhibit transformer 



The output of an AND feeds 
wer, which in turn drives 
i each of six planes. An 



AND circuit turns on its emitter follower when both 
of its inputs (diode cathodes) are at 1.2V. The anode 
junction then rises to this potential to turn on the emit- 
ter follower. 



A separate current source drives the four inhibit 
transformers required for each plane. Figure 105 
shows one of these with the circuit to drive a trans- 
forme*. During read drive, or the first portion of 



the storage cycle, the External register (Z) 



ling 



the word to be stored is cleared. Slave inverters 
from its set output provide a +1.2v signal to turn on 
transistor Ql. Ql and its collector resistor form a 
load network for inductor LI . Inhibit current is shunted 
to ground through Hi and Ql during noninhibit periods. 

The complement of the word to be stored is entered 
in the Restore register 600ns after the address is re- 



ceived by the storage 



tule. Thus , a zero bit ap- 



pears in the register as a one, and vice versa. In 




Figure 105. Inhibit Transformer Drive Line Sequence 



figure 105, a 0. 2v signal turns offload network tran- 
sistor Ql, and its collector potential rises positive 
to turn on the base of transistor Q2. The emitter of 
the latter transistor is already near ground potential 
because the group selection turned on transistor Q3 
at the beginning of the storage cycle. The Q2 col- 
lector potential rises rapidly to about 1-v when Ql 
turns off. Then it drops off as Q2 starts to conduct 
current through the transformer primary. A peak 
current of about 50 ma flows during the voltage swing. 



The transformer turns ratio is about 



result 



ing in a current step-up in the secondary winding to 
about 100 ma. The secondary voltage turns on diode 
CR1. The latter conducts the 100 ma current through 



the inhibit 



corres 



ing which appears as a balanced load* 
ling 100 ma inhibit current in Hie vertical 
plane produces the 200 ma half-amplitude current pulse 
necessary to cancel the effect of the write drive. 

The Z register is cleared 425ns after it is set. 
This action turns on the 12 load network circuits to 
stop current flow in the transformer primary and turn 



off inhibit drive. The collapsing primary field of the 
inhibit transformer produces a large voltage pulse on 
the collector of Q2. The polarity of this signal is op- 
posite to the desired polarity of the pulse which ap- 
peared at the beginning of the cycle. At this time, 
the secondary impedance appears quite large to diode 
CR1, and it cuts off so that a large secondary voltage 
is generated but no secondary current flows. The 
voltage produces a flux field in opposition to that pro- 
duced at the beginning of the inhibit drive. Secondary 

flux is cancelled to avoid bias shift in the transformer 
from repeated cycling. 



PERIPHERAL PROCESSOR MEMORY 

Each of the 10 peripheral and control processors 
has its own independent core storage unit with a ca- 
pacity of 4096 12-bit words. Each has its own Addrcs s 
register (S), sense amplifiers, and Restore register 
(Z). However, the 10 storage units share a common 

memory cycle path and common paths to and from the 
barrel (figure 106). 
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Figure 106. PPU Memory 



Each PPU can make one memory reference each (figure 107) consists of a timing chain of flip-flops 



major cycle. When no memory reference is called 
for \yy the current instruction, address 0000 is read 
and restored. 



STORAGE SEQUENCE CONTROL (SSC) 

Timing for memory references is controlled by 
storage sequence control. Storage sequence control 



gated by clock pulses. As a one 
each flip-flop is set for one minor 
it issues commands to the storage 



passes 



This 



after each cycle and runs 



ously. 



memory 



cycle. Since a memory reference requires longer 
than a minor cycle, the references overlap as shown 
in figure 107. 



Commands 




Rank 1 



Rank 2 



Commands 



Figure 107. Storage Sequence Control (SSC) 



The stages of storage sequence control are num- 
bored according to the processor for which they initi- 
ate a memory reference (see figure 108 for typical 
stage). The commands issued by the first half of a 
typical stage are listed below* 

G S, Storage a 
Clear Z, Storage a+1 

Set Z, Storage a + 5 
Enable Sense, Storage a+7 

The second half of stage a issues th$ following 
commands. 
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Read, a 
Write, a + 5 
Stop Read, a + 6 
Stop Write, a + 1 

These commands and other signals from storage 
sequence control define and separate the PPU's. 

The reset circuit which reinitiates storage sequence 
control sense 8 whether stages through 8 are set. If 
not, stage is reinitiated, normally just after stage 9 
has issued its commands (figure 109). 

A memory reference is initiated six minor cycles 
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Figure 108* Stages of Storage Sequence Control 



before a processor reaches the slot so that informa- 

w 

tion from memory is available at slot time* There- 
fore, a memory reference for processor (storage 0) 
is initiated at about the same time that processor 4 
enters the slot. 



MEMORY CYCLE PATH 

The common memory -cycle path used by all pro 



cessors receives data fro 



the memories 



the 



sense merge (figure 110). bputs to the sense merge 
from the sense amplifiers are a logical one (0.2v) 
when sense is not enabled. When a processor's sense 
amplifiers are enabled, the output is allowed to go to 
+0. 2v for a sensed one. The AND combination of 
logical one's from uns elected processors, even or 
odd sense enable, and one bits from the selected pro- 
cessor's sense amplifiers sets the word from mem- 
ory in the Fd register in the memory cycle path. 

Hie memory cycle path sends information to the 
barrel, I/O channels, translators, and central write 



pyramid. It receives information from the barrel, 
central read pyramid, and I/O channels. Outputs 
from Fd in the memory cycle path are translated and 
and used to form commands when K = O0X (RNI trip). 




Restart 
Storage 
Sequence 



Reset 

Figure 109 . Reset C tr cuit 
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Figure 110. Sense Merge 



Information in the memory-cycle path (either the 
read word or a new word) is fanned out from the Y 
register to the 10 Z registers. The Set Z signal fro 
storage sequence control gates the complement of the 
word to be stored into the proper Z register. 



POWER 

The polarity of the diodes shown in figure 111 is 
for a positive V (DC voltage). For a negative V the 
diode would be reversed. These diodes are mounted 
externally to the transformer. 

The circled numbers indicate inputs (1, 2, 3) out- 
puts (4, 5, 6, 7, 8, 9. 10) and test lug (11). The in 
put windings, output windings , and the inductor output 



are all enclosed in a solid case with no access other 



than the numbered leads. The output rating of the 
transformer is fixed by design, but of course varies 
with input voltage and output loading changes. 

Capacitor C (figure 111) is a filter capacitor and 
is 320 uf at 30 vdc. 



3 Phase 
400 

208V 





Figure 111. 400 CPS Power Supplies 



6000 computers use +5. 8 vdc for all normal logic 
modules. The power enters the module on pin 30 and 
is filtered by a 0. 1 uf capacitor on the module. The 

storage modules use three voltages: +5. 8 vdc for 
their internal logic, +4. 8 vdc for their inhibit supply, 
and +15 vdc to the current regulator which produces 



vdc for the drive voltag 



The 5. 8v sup- 



applied directly into the storage 



chile from 



the bus bar 



memory buggies). The +4 



and +6.6v supplies are applied to the storage module 



via three one-ampere ci 
tween the memory buggie 



breakers located be 




From Ceatertap Output of 6.6v Transformer 
From Centertap Output of 4.8v Transformer 



The two Inhibits Supply Differ* 
Physical Areas Within the Storage 
Module 



Right Momory 
Buggy 

Looking at Momory Buggies fro_ 
Wiring Side of Chassis 



Figure 112. Power Supply Usage 
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CHAPTER 7 



INTRODUCTION 



6000 SERIES FLOATING POINT Floating-point hardware provides the ability to ex- 

press a number in the general form, B n where: 

K = Coefficient 
B = Base number 

n = Power to which the base number is raised 



This concept is opposed to fixed-point hardware 
where a number is expressed without exponent. Fixed- 
point hardware places the burden of exponent expres- 
sion and manipulation upon the software* 

To express numbers of the above general form, 
provision is made to represent four properties: mag- 
nitude of the coefficient, sign of the coefficient, mag- 
nitude of the exponent (power), and sign of the exponent. 



The base number, B, is assumed tobe two. Hence 
there is no need to express the base number. In other 
words, the computer assumes the exponent to be a 

L 

power of two. The 6000 sferies 60-bit floating-point 
format is shown in figure 113. 



59 58 57 



48 47 



Coefficient Sign 







Coefficient 




Magnitude 



Figure 113. 6000 Series Floating-Point Format 
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The lower 48-bits are reserved for expressing the 
magnitude of the coefficient. The computer assumes 
the binary point to be to the right of the coefficient, 
thereby providing a 48-bit integer coefficient which is 
equivalent to about 15 decimal digits. Bit 2 59 is used 
to express the sign of the coefficient. Table 16 gives 
the rules that apply to signed coefficients. 



Table 16. Signed Coefficient Rules 



Sign 



2 59 



Magnitude (Bits through 47) 



Positive 
Negative 




1 



True (uncomplemented) form 
Complement form 



Bits 48 through 57 are used to express the magni 
tude of the exponent. The absolute value of the expo 
nent can be as large as 177 7 g . The sign of the expo 
nent is expressed by the combination of bits 2^8 and 



2 



59 



according to these rules. 



If 2 



58 



^2 



59 



the ex 



ponent sign is positive, if 2 
sign is negative. 



58 



2 



59 



the exponent 



Table 17 summar 



and 2^ and the implications 
possible combinations. 



the configuration of bits 2^8 



arding signs, of the 



Table 17. Description of Bits 2 58 and 2 59 



2 



59 





1 
1 




Exponent Sign 



Positive 
Negat ive 

Positive 
Negative 



PACKING 



Packing refers to the conversion of numbers in the 
form K • B n into floating-point format. The rules 
outlined below apply to this process. 



A. 



Positive Coefficient 
1. 



2 
3 



4 



Place the coefficient magnitude in positions 47 
through 0. 

Make bit 59 equal to zero. 
If Exponent is Positive 

a. Make bit 58 equal to one. 

b. Place the exponent magnitude in positions 

57 through 48. 

If Exponent is Negative 

a. Make bit 58 equal to zero. 

b. Complement the exponent magnitude and 

place in positions 57 through 48. 



B. Negative Coefficient 



1 



Pack according to the four rules for positive 
coefficients. 



2. Complement all 60 bits. 



Example 28 

Positive Coefficient and Positive Exponent 



Problem: Pack the number +3427 




2+26 



Solution : 

1 RuleAl. CoefMag 

2 Rule A2. Coef Sign 

3 Rule A3a. Exp Sign 

4 Rule A3b. Exp Mag 





2 



0000000000003427 

0000000000003427 
0000000000003427 



20260000000000003427 



The result of step 4 yields the packed quantity 



Example 29 

Positive Coefficient and Negative Exponent 



Problem: Pack the number +3427* 2 



26 



Solution: 

1 Rule Al 

2 Rule A2 



Coef Mag 
Coef Sign 



3 Rule A4a. Exp Sign 

4 Rule A4b. Exp Mag 








0000000000003427 
0000000000003427 
0000000000003427 



17510000000000003427 



The result of step 4 yields the packed quantify. 



Example 30 

Negative Coefficient and Positive Exponent 



Problem: Pack the number -3427 




2 +26 



Solution: 

1 Rule Bl 

2 Rule Al 



Use rules Al through A4 first 



Coef Mag 

3 Rule A2 . Coef Sign 

4 Rule A3 a. Exp Sign 

5 Rule A3b. Exp Mag 

6 Rule B2. Complement = 57517777777777774350 





2 



0000000000003427 
0000000000003427 
0000000000003427 



20260000000000003427 



The result of step 6 yields the packed quantity. 



Example 31 

Negative Coefficient and Negative Exponent 



Problem: Pack the number 



3427 




2 



26 



Solution : 

1 Rule Bl 

2 Rule Al 



Use rules Al through A4 first 



Coef Mag 

3 Rule A2 . Coef Sign 

4 Rule A4a. Exp Sign 

5 Rule A4b. Exp Mag 

6 Rule B2. Complement =60267777777777774350 








0000000000003427 
0000000000003427 
0000000000003427 



17510000000000003427 



The result of step 6 yields the packed quantity. 



In examples 30 and 31, check the sign of the coef- 

r- 

ficient and exponent as given by the packed quantity. 
In example 30, the upper octal is 5 or lOLj. Accord- 
ing to table 15, this implies a negative coefficient and 
a positive exponent which are the correct signs of the 
original number. In example 31, the upper octal is 6 

or 110 2 . According to table 15 this implies a nega- 
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tive coefficient and a negative exponent which are the 
correct signs of the original number. 

Although the above process is not a difficult one, 
it is somewhat cumbersome. A short-cut method of 
packing exponents can be derived by considering the 
representation of negative and positive zero exponents. 
Assuming a positive coefficient, zero exponents are 
packed as follows. 



Positive Zero Exponent 



2 000X 



Negative Zero Exponent = 177 7X 



X 

X 



Since positive exponents are expressed in true 
form, start with a bias of 2000 (positive zero) and add 
the magnitude of the exponent. The range of positive 
exponents is 0000 through 1777 or, in packed form, 

2000 through 3777. 



Negative exponents are expressed in complement 
form. Start with a bias of 1777 (negative zero) and 
subtract the magnitude of the exponent. The range of 
negative exponents is -0000 through -1777 or, in packed 

form, 1777 through 0000. 



The rules for packing can now be outlined in the 
following simplified manner. 



A. 



Positive Coefficient 



1 



Place the coefficient magnitude in positions 47 



through 0. 



9 




3 



the exponent is positive, add the exponent 
magnitude to 2000. 

If the exponent is negative, subtract the expo 
nent magnitude from 1777. 



B. Negative Coefficient 



1 



Pack according to the rules for positive coef 
ficients. 



2. Complement all 60 bits. 



UNPACKING 



As the name implies, unpacking is the process 

opposite of packing. It refers to the conversion of 

floating-point formats into numbers of the form: 

The rules outlined below apply to this pro- 



K 




A 



Check Sign of Coefficient (Bit 59) 

1. If positive, take the lower 48 bits as the coef 

ficient magnitude. 

2. If negative, complement all 60 bits and take 

complemented lower 48 bits as the coefficient 

magnitude. 



B 




Check Complemented Upper 12 Bits. 
. If in the range 2000 through 3777, subtract 

2000 (bias) to obtain the magnitude of the pos 
itive exponent. 
2. If in the range 0000 through 1777, subtract 

from 1777 (bias) to obtain the magnitude of the 
negative exponent. 



These rules can be proven by working 



Pi 



28 through 31 in reverse to obtain the original mathc 
matical expression. 



RANGE DEFINITIONS 



The preceding explanation presented the format and 



methods of 6000 series floating point 



The 



6000 computers provide the capability of representing 
a 48-bit integer coefficient multiplied by 2 raised to 

In octal this is ex 

> 2~ 1777 . The decimal 



range ±1777o 



a power in the 

pressed as 7777777777777777. « 
equivalent is 281474976710655. 




10*307. 95369 



Overflow 



A result with an exponent 



larg 



or exceeds the upper limit of 3777 (positive) 

(negative) is treated as an infinite quantity, 
case of positive infinity, a coefficient of all z 

For 



an exponent of octal 3777 are packed 



that it reaches 

or 4000 
In the 
»ros and 
neg a ti v e 



infinity 



coefficient of all zeros and 



exponent of 



octal 4000 are packed. An optional exit is provided 
when an infinite operand is detected because its use 
may generate further error conditions. 



Underflow 



The exponent of a re suit which is less than the lower 
limit of OOOOg (positive) or 7777g (negative) is treated 

as a zero quantity. This condition causes a zero ex 
ponent and coefficient to be packed. No exit is pro- 
vided for underflow. A result with an exponent of 
0000g and a coefficient that is not zero is a nonzero 
quantity and is packed with OOOOg exponent and the 
nonzero coefficient. 



Indefinite Operands 

Use of infinity, zero, or indefinite operands may 
produce an indefinite result. An exponent of 1777g 
and a zero coefficient are packed in this case. An 
optional exit is provided. Therefore, octal exponent 



configurations of 1777 



3777 



4000. and 6000 have 



special meaning and should not be used in representing 
numbers in floating point. 



Summary 



In summary, the special operand forms in octal 



are listed below. 




3777X 



X Positive infinity 




4000X 



X Negative infinity 




1777X 



X Positive indefinite 




6000X 



X Negative indefinite 




00000 



Positive zero 




77777 



7 Negative zero 
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Whenever an operand in one of these six special 
forms is used as a source operand, only the following 
octal words can occur as results. 

• 37770 — Positive infinity 

• 40000 — Negative infinity 

• 17770 — Positive indefinite 

• 00000 — Positive zero 

Note that in these cases, the 48 least significant 
bits of the result are zeros. For a detailed list of 

infinite, zero, and indefinite forms, refer to the 6400/ 
G600 Reference Manual, publication number 60100000. 

SINGLE/DOUBLE PRECISION 

The 6000 series Floating Point Add, Subtract, and 



Multiply instructions are capable of producing single 
or double precision results. Single precision results 
may be rounded or unrounded; double precision op 

codes always return unrounded results. Floating Point 
Divide instructions generate only rounded or unrounded 
single precision results. 

Floating Add Operations 

Before addition of floating-point numbers takes 
place, the exponents are equalized by shifting the co- 
efficient of the smaller exponent to the right a num- 
ber of places given by the difference of the two expo- 
nents. The shifted and unshifted coefficients are added 

and a 96-bit sum is generated as illustrated in example 
32. Neither coefficient is shifted if the original ex- 
ponents are equal. 



Example 32 

Given 

FX6 = XI + X2 

(XI) = 2072 4273000012340772 

(X2) = 2057 5230000023457610 

Add logic forms 

XI Unshifted = 4 2 7 3 0000123407 72 . 

X2 Right Shift 15 places = 52300000234.57610 

96-BitResult = 4 2 73052312341226. 5761000000000000 



In effect, right shifting the coefficient of the smaller 



Packing the lower 48 bits of the sum effectively 



exponent (which de 



the coefficient magnitude) 



This 



that exponent to equal the larg 



The 



moves the binary point 48 places to the right. 

move increases the coefficient magnitude. To com 



double precision 



ponent of the 96-bit sumis the larger of the two original pensate, the exponent is decreased by 48 (60 g ) during 

exponents, and the binary point in the example is 
rectly positioned at the center of the result, 
unrounded single precision is specified (FX6), 
upper 48-bits of the sum and the larger exponent 



Since 
. the 




rounded single precision wer 
a one would be placed below bit 2 







pecified (RX6) 



of the 



shifted 



taken as the final result 



(X6) 



2072 4273052312341226 



operand before adding 

and causes a 



This 



effect, adds one half 



If double precision had been specified (DX6), the 
final result would have been the lower 48-bits of the 



sum and the larger exponent minus 60g (48io) 

2012 5761000000000000. 



(X6) 



carry into bit 2° if the fractional portion 
of the shifted operand is greater than or equal to one 
half. To illustrate, the original example with round 
specified is shown in example 33. 



Example 33 

Add logic forms 

XI Unshifted = 42 73 00001234 07 72.4 

X2 Right Shift 15 places = 523 00000234. 57610 

96-BitResult = 42 73 052312341227. 1761000000000000 

The Final result in this case is (X6) = 2072 4273052312341227 
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Floating Multiply Operations 



Multiplication of floating point numbers requires 

the addition of the exponents and the multiplication of 
two 48-bit coefficients. A coefficient product of 96 



bits, with the binary point below bit 2^, is formed. 
If both original operands are normalized, the result 
also is normalized as shown in example 34. 



Example 34 



Given 

FX7 

(X3) 
(X4) 



X3 * X4 

2023 4253000000000002 
2027 5300000000000014 



Multiply logic forms 
X3 
X4 

96-Bit Result 



4253000000000002 
5300000000000014 



272271000000000746 04 000000000030 



Since this result is not normalized, it is left shifted one place. 



LS one place 



564562 0000000017 14 10000000000060 



2131 5645620000000020. 



Since single precision was specified (FX7), the 
upper 48 bits of the result will be packed as the final 

coefficient. This effectively moves the binary point 
to the left 48 places and by so doing decreases the 

magnitude of the coefficient. An octal 60 is added to 
the sum of the exponents. To compensate for the left 
shift required to normalize, 



one 



subtracted from 



the exponent. The single precision result is 

2131 5645620000000017. 



<X7) 



In the above example one half round occurred be 
cause the 96-bit coefficient was left shifted one place 
to normalize. If the product had been normalized 
already, the left shift would not have occurred. The 
result would then have been rounded by one fourth 
(since the round bit was entered in position 2 46 ) and 

the final exponents would all be greater by one. 



Floating Divide Operations 



NOTE 



Division of floating-point numbers requires the 
subtraction of the exponents and the division of two 
48-bit coefficients. Double precision division is not 
If double precision had been specified (DX7), the provided and a remainder cannot be retrieved. Since 



Final exponent = 2023+2027 + 60 



1 



2131 



lower 48 bits of the product and the sum of the expo 



the divide hardware produce 



quotient in the range 



nents minus one (compensating for the left shift to 1. 7777777777777777 through 0. 0000000000000000, the 



normalize) would I: 

1410000000000060. 



taken 



the result 



(X7) 
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ratio of Xj to Xk must always be less than two to 



If this requisite is not met, the resulting quotient will 



If rounded single precision had been specified (RX7) 
ne would be added to bit 2 46 of Xk(X4 in this exam 



be meaningless. * Under these conditions an indefinite 



operand (1777 




is forced. 



pie) on the first iteration of the multiply step 



A 



rounded 



If the quotient is of the form 0. X X (the 



96 -bit coefficient product would be generated ratio of Xj to Xk is less than one to one), the lower 



and the upper 48 bits, along with the sum of the 



ponents plus 57 8 , would be taken as the result 



(X7) 



48 bits of a 4 9 -bit quotient are taken as the coefficient 
of the result as shown in example 35. 



Example 35 



Given 

FX6 
<X4) 

(X5) 



X4 /X5 

2057 4400000000000015 
2032 6000000000000000 



Divide logic forms 

4400000000000Q15 
6000000000000000 



0. 6000000000000002 



It 



suggested that the Xj and Xk operands always be normalized before executing a Divide instruction 



Nor 



malizing eliminates the possibility of the dividend/divisor ratio (Xj/Xk) being greater than or equal to two to 
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4 



The machine treats as 

underflow and packs all 

zeros for either: 



0000 X 

7777 X 



X or 
X 



UNDERFLOW 



+ UNDERFLOW 



NEGATIVE 
FRACTIONS 



POSITIVE 
FRACTIONS 




5777 



♦F. P. 2ER0 



NEGATIVE 
INTEGERS 



POSITIVE 



OVERFLOW (00) 
+ OVERFLOW (00) 




* 



Exponents in the range of 1720 to 1777 (+) 



or 6000 to 6057 



inclusive are integer 



quantities if normalized; if unnormalized, 
may be fractional. 



Figure 114. 6000 Floating-Point Exponent Chart 
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Packing into floating-point format effectively moves 

the binary point 48 places to the right which increases 



tracted from the difference of the exponents and the 

final result is: (X6) = 1744 6000000000000002. 



NOTE 



Final exponent = 2057 - 2032 



60 



33 



1744 



If the quotient is of the form l.X X (the 

ratio of Xj to Xk is one to one or greater, but less 



than two to one), the upper 48 bits of a 49-bit quotient 
are taken as the coefficient of the result as shown in 



the coefficient magnitude. Therefore, 6O3 is sub- example 36 



Packing into floating-point format effectively moves 
the binary point 47 places to the right. Therefore, 

57 g is subtracted from the difference of the exponents 

and the final result is: (X7) = 17117000000000000000. 



NOTE 



Final exponent 



2016 



2025 



57 



66 



1711 



Example 36 



Given 



FX7 = XI / X2 

(XI) = 2016 7000000000000000 
(X2) = 2025 4000000000000000 



Divide logic forms 

7000000000000000 

4000000000000000 



1. 6000000000000000 



NONSTANDARD FLOATING-POINT ARITHMETIC 



Table 18 is a tabulation of operations (add, subtract, multiply, divide) using various combinations of operands 



Table 18 



Operands for Nonstandard Floating-Point Arithmetic 



KEY: 



+IND 
IND 



OPERANDS 



0000 X 
7777 X 
3777 X 

4000 X 
1777 X 

6000 X 

Any word except 
Any word except 



IND 
±IND, or ±0 



RESULTS 





= 0000 — 


- 


IND 


= 1777 — 


-0 


+ 00 


= 3777 — 


-0 


- CO 


= 4000 — 


-0 



ADD 

Xi=Xj+Xk 
(Instructions 30, 32, 34) 



SUBTRACT 



Xi 



Xj 



Xk 



(Instructions 31, 33; 35) 



Xj 



±IND 



+ CO 


- 00 


+IND 


+ 00 1 


- CO 


IND 


+ 00 


IND 


IND 




- CO 


IND 






IND 



Xj 



w 

+ CO 



GO 

IND 



IND 



Xk 


+ CO 


- 00 


-IND 


- CO 


+ 00 


IND 


IND 


+ CO 


IND 


- CO 


IND 


IND 


IND 


IND 


IND 



100 



r 



Table 18. Operands for Nonstandard Bloating- Point Arithmetic (Cont) 



MULTIPLY 



Xi 



Xj*Xk 



(Instructions 40, 41, 42) 



DIVIDE 



Xi 



Xj/> 



(Instructions 44, 45) 



Xj 



IND 



+01 


-0 


+ 00 


- 00 


±IND 


~o| 


~ol 


1 + 00 1 


- 00 1 


IND 








- CO 


+ CO 


IND 








IND 


IND 


IND 







IND 


IND 


IND 






+ 00 


- 00 


IND 








+ 00 


IND 










IND 



IND 
IND 



IND 
IND 



IND IND 



IND 



IND 



IND 



IND 

IND 
IND 



IND 

IND 
IND 



IND 



IND 
IND 
IND 

IND 

IND 

IND 
IND 
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CHAPTER 8 INTRODUCTION 
REFRIGERATION SYSTEM The cooling system uses the principles of common 

mechanical refrigeration systems to dissipate compo- 
nent heat from the logic and storage modules. Chas- 

sis refrigerant temperature is maintained at 60 to 
65° F. The cooling system is explained in detail fol- 
lowing some explanatory comments on principles of 
refrigeration. 



PRINCIPLES OF REFRIGERATION 

Nearly all refrigeration systems are based on the 
principle that heat is absorbed during evaporation of 
a liquid. The device which gives up heat to the liquid 
is thus cooled. The change in state of a substance 
from liquid to gas or vice versa varies with tempera- 
ture and pressure. For example, water boils at 212 F 
at normal atmospheric pressure but boils at a lower 
temperature under reduced pressures. Similarly, the 

* 

boiling point of refrigerant 12 varies with pressure. 
Figure 115 shows a simple refrigeration scheme whose 
main parts are: cooling uhitor evaporator, compres- 
sor, and condenser. 

The evaporator and condenser are partly filled with 
liquid refrigerant and the remaining parts with vapor. 
The compressor is a pump that runs continuously and 
removes vapors from the top of the evaporator and 
pumps them into the condenser* The low pressure in 
the evaporator and heat absorption cause the liquid to 



boil which causes the unit to cool through evaporation. 
The compressor action increases the pressure and the 
temperature of the vapor. The hot vapor is condensed 
into a liquid by transferring heat to cold water running 
through coils in the condenser. 



Ill 




COLD 
WATER 

SOURCE 



Figure 115. Simple Refrigeration Scheme 



A pressure valve in Hie condenser to evaporator 
line regulates the pressure at which the liquid is re- 
turned to the evaporator. The pressure adjustment 



relates to the boiling point in the evaporator and hence 



to the temperature to be maintained. The liquid boils 

r j 

to cool the evaporator when the heat load raises the 
temperature of the liquid above its boiling point as 
determined by the pressure. The compressor pumps 
the vapors from the boiling liquid into the condenser 
(and increases the pressure) where they are converted 
to the liquid state and returned to the evaporator un- 



der controlled pressure and temperature . Thus the 
evaporator and an area surrounding it are maintained 

at a constant temperature. 



SYStEM DESCRIPTION 
The cooling system contains the principal elements 



(evaporator, compressor, 



tenser) of com 



Mil 




frigeration systems plus additional regulating valves 



and gauges which are used for visual 



itoring of 



performance. The refrigerant is refrigerant 12. 
Table 19 lists its characteristics for saturated condi- 
tions. The condenser is water cooled. 



Table 19. Refrigerant 12 Characteristics 



Temperature 


Gauge 


In Degrees F 1 


Pressure 


20 


21 PS I 


25 


24.6 


30 


28.5 


40 


37 


50 


46.7 


55 


52 


60 


57.7 


65 


63.7 


70 


70.1 


75 


76.9 


80 


84.1 


85 


91.7 


90 


99.7 


100 


117.1 


110 


136.4 


120 


157.6 


130 


181 
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PHYSICAL DESCRIPTION 

figure 116 shows the various parts of the syste 
The evaporator and expansion valve are on each chas- 
sis (figure 116 and 117). Four chassis evaporators 



are connected in parallel to a common compressor, 
condenser , and related parts which are mounted in a 
frame assembly in the end of a wing. Each wing is a 
separate refrigeration system for four chassis with 
each chassis regulating its cooling with the varying 



psi, 120 F) output of the compressor. The cold suc- 
tion line which feeds the compressor passes through 
the heat exchanger jacket warming the refrigerant 
vapor as it passes to the compressor and cooling the 
liquid refrigerant. 



ELEMENT DESCRIPTIONS 



logic and storage 



[tile heat load* 



A control panel in each wing has separate tempera- 
ture-pressure gauges for each chassis. 

The evaporator coil is a copper tube imbedded in 
the aluminum bar that separates each row of modules 
in a chassis. Each module is secured to the aluminum 
bar and is separated from ad} acent modules by black- 



Accumulator 

The accumulator prevents the compressor from 
slugging when certain room conditions cause liquid 
refrigerant to collect behind the suction solenoid valve 
during a long shut-down period. The unit has a built- 
in oil pick-up tube. 



finished metal spacers termed heat-sink plates. Each 



Compressor 

The compressor is a high temperature, water 



ule fits in a separate compartment. Component cooled, semi-hermetic unit. It has a 208/230 volt, 



heat from the modules flows fay conduction and con- 
vection to the aluminum bar via the heat-sink plates 
and titie metal module cap. 



60 cycle, 3 -phase motor. The unit has its own cur- 
rent and temperature protection devices. 



OPERATION 

Liquid refrigerant from the condenser enters the 
top of the chassis through an expansion valve. The 
expansion valve causes a sharp pressure drop and 
controls the refrigerant flow by reading the outgoing 
refrigerant temperature and pressure. The chassis 
refrigerant temperature is held at 60° F by means of 
a pressure regulator valve on the chassis outlet. Heat 
from the aluminum bar raises the refrigerant tem- 
perature above the boiling point which produces evap- 
oration and then cooling of the aluminum bars. Each 
bar is termed a cold bar and is cool to the touch. The 
aluminum face plate on the storage module and the 



Condenser 

The condenser is a water cooled unit for 40° F to 
90° F (maximum) water. It is piped for coolingtower 
operation, but it is satisfactory for well operation. 
The unit is equipped with a 275 psi pressure relief 
valve or 162° F fusible plug. 



Dual Pressure Control 

The pressure control automatically shuts down the 
compressor by opening the starter if the compressor 
discharge pressure rises above the set point or if the 
suction pressure falls below the set point. The high 



pressure eat-out is normally set at 190 psi (fixed 40 



logic 



iule, the thin heat-sink plates between logic 



ules, the thick plates between storage modules , 



psi differential), and the low pressure is normally 
set at psi with a cut-in of 15 psi. 



the air between 



tides and plates, the soldered com 



ponent leads, and the printed circuit boards all form 
part of the heat conducting path from the discreet 
electronic component to the cold bar and then to the 
refrigerant. 

The gaseous refrigerant returns to the compressor 
via the chassis pressure regulator valve at the bottom 
of the chassis (valve set to 57 psi) and a heat exchanger. 
The latter improves system efficiency and insures 
that no liquid refrigerant returns to the compressor 
during operation. The heat exchanger receives its 
heat from the hot liquid refrigerant produced by con- 
densing the hot vapors from the high pressure (157 



Evaporator Pressure Regulator 

Regulator valves keep a constant set pressure (nor- 
mally 60 F) on the chassis evaporator they control. 

The chassis pressure/temperature gauges are con- 
nected to the valve. 



Expansion Valve 

This valve controls the amount of refrigerant into 
its chassis evaporator, regardless of the load on the 
chassis, by means of a thermostatic element attached 
to the bottom evaporator tube. Normal superheat ad- 
justment is from 4° to 9° F. 
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Figure 116. Control Data 6600 Conventional Cooling System 
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CHASSIS EVAPORATORS 



SIGHT GLASS 



WATER OUT 




COLD 

WATER 
INPUT 



Figure 117. Simplified Diagram of 6000 Cooling System 



Filter Drier 

The drier removes moisture from the refrigerant, 
which enters the system by leaks, by opening the sys- 
tem for certain service operations or by a less than 
adequate evacuation process. It also removes foreign 
particles introduced during the assembly process. 



Rotalock Valves 

These are valves of the cabinet liquid and suction 
lines. They are used to keep the cabinet and chassis 
refrigerant lines from being opened to the atmosphere 
if a condens ing unit must be replaced. 



Sight Glass 

The sight glass gives a visual check on whether 
there is sufficient refrigerant in the system and also 
whether or not the system is dry. If the dot is green, 

the system is dry; if the dot is yellow, the system is 
wet. 



The solenoid i 



s 



the 



T 



»1 



and it is connected 
pressor starter. 



The unit 

stem. It 



ing power side of the co 
equipped with a manual operating 



pressure against the chassis side only 



(not the condensing 



ide) 



Starter 



This is a3-phase compressor starter with 220 volt, 
60 cycle coil. The unit does not have a protection 
device for the compressor. 



Water Regulating Valve 

This is an automatically regulating valve used to 
keep the condensing temperature at a set value (nor- 
mally 120 F). S also closes off water flow during 



unit shut-down. The valve is operated off the com 
pressor head pressure. 



WARNING SYSTEM 

A warning system is built into each wing of the 
6600 system to protect the modules against high tern- 

This valve is closed during shut-down to prevent perature and condensation if a cooling system mal- 



Solenoid Valve 



the refrigerant from migrating to the compressor. 



function or adverse room air conditions occur. If a 
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malfunction occurs, a relay activates a warning buzzer 
and indicator light. After a short period of time (ap- 
proximately two minutes) the 400 cycle and 60 cycle 
power is automatically turned off. 

If the gauge pressure for any one chassis drops 



below the 



o 



Mill 



imum setting of the red hand (57 F), 



the Gauge switch starts the sequence for operating 
the warning buzzer, the low temperature indicator 
for that chassis, and the time delay relay for shut- 
ting down Hie power* A low gauge pressure indicates 
a low temperature condition which can cause conden- 
sation on the chassis (see K on the troubleshooting 
chart). 



If the gauge pressure on any one chassis rises above 
the maximum setting of the red hand or if the thermo- 
stat on the bottom cold bar closes (at approximately 

85 F), the buzzer (the high temper ature indicator for 
that chassis) and the time delay relay are turned on 
(see J on the troubleshooting chart). 

If trouble is indicated it is very important that the 
settings on the gauges or time delay relays not be 
altered, because alteration could result in serious 
damage to the modules in the affected chassis. 

When trouble is indicated, the customer engineer 
should immediately check the refrigeration mainte- 
nance panel to find out on which chassis the cooling 
has failed, whether the high or low temperature light 
is on, and whether the gauge for the chassis is the 
activating source. If more than one chassis tempera- 
ture indicator is lit. check the condenser gauge (it 
should be approximately 120°) and the compressor 
indicator light to see if the compressor is running or 
short cycling. If this information can be obtained be- 
fore the machine shuts down, the source of trouble 
can probably be tracked down by using the trouble- 
shooting chart found at the end of this chapter. 

Another part of the warning system, but not an 
inherent part of the computer, is a chart recorder 

assembly for the room temperature and dew point. 

This instrument is used to keep a daily record of the 
room conditions . ft also has an audible (buzzer) warn- 
ing device if the dew point goes above 50° F. 



PREVENTIVE MAINTENANCE 



DAILY 



Whenever the computer is started, listen for short 
cycling of any of the compressors. 

Check the room conditions for the dew point and 

temperature. Do not run the computer if the dew point 

goes over the maximum of 50 F dew point. Serious 

computer damage can result if the room air dew point 
rises to the chassis temperature. 



After the machine has run for approximately 10 
minutes, check the condenser pre s sure and all chas- 
sis gauges on each maintenance panel. The condenser 
pressure should read approximately 157psig or 120° F 
and steady. All the chassis gauges should be indicat 
lag well within the limit hands. They should read 60 
to 62° F with the limit hands set at 57° F and 72° F. 



WEEKLY 

In addition to performing the daily routine, the fol 



res should be performed once a week 



lowing pi 

i 

Check compressor oil level before startup and after 
the computer has been running for an 



the 




level lowers to the bottom of the glass immediately 
after startup, it probably Indicates one or more chas- 



are flooding (see C-3 



i\9 



on the troubleshooting 



chart). The glass should always be between one quar- 
ter and three quarters full. 

The liquid line sight glass should be checked for 
bubbles after the system has been operating for 30 
minutes. If bubbles are present or the system is not 
running full, see B-5 on the troubleshooting chart. 
Also check the color of the dot in the center of the 
sight glass. 




the dot is yellow-tinged (not green), 



moisture has entered the system beyond the capacity 
of the drier. The leak must be found, repaired, and 
a new filter drier must be installed. 



CAUTION 

The compressor will burn out if the 
system is allowed to operate very long 
in this condition. 



Unless rust-inhibited and filtered water is used, 
the water should be drained from the condensing sys- 
tem and a careful inspection made of the condenser 
tubes by removing the condenser end plate (s). The 
tabes should be cleaned and the scale removed. The 
water pipe strainer on each condensing unit also should 
be cleaned. Check the condition of the contacts in the 
pressure control and starter on each condensing unit. 



GENERAL REFRIGERATION SERVICE 



PUMP- DOWN PROCEDURE 

• Attach pressure gauge to compressor suction 
valve port and crack the valve off the back seat 
so the gauge will function. 

• Close the liquid line valve on the condenser. 

+■ 

• Open the evaporator pressure regulator valves 
to minimum setting (40 psi). This step is not 
necessary unless the liquid lines on the chassis 
end of the system are to be opened. 
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figure 118. 6000 Refrigeration System (New Style) 



i 



• Start the compressor and allow it to rim until 
the suction gauge indicates two psig. At this 
point, stop Che compressor and quickly close 
the compressor discharge line. Also close the 
valve on the condenser inlet. Leave the small 



pressure remaining in the lines so that air a 
moisture will not enter when the system is 



opened. 



NOTE 



If the refrigerant lines to be opened are 
colder than the ambient dew point tem- 



perature, sweating will occur on the 
inside as well as the outside surface. 
Allow the piping to warm up to room 
temperature before opening it up to the 
air. 



i- 



condensing unit in accordance with the precedi 



FILTER-DRIER REPLACEMENT 

M 

If a filter drier needs replacing, pump down the 

\ de- 
scription. However, it is not necessary to open the 
pressure regulator valves. After the unit has been 
pumped down, close the valve in the liquid line, loosen 
the drier on the unit so it can be removed quickly, 



remove the seals on the new drier, aj 



tit 



as quickly 



as possible, remove the old drier and install the new 
one. Put the system back into operation and leak- 
check all joints around the drier. 



ADDING RE FRIGERANT 

Refrigerant should be added through the compres- 
sor suction valve port. To add refrigerant, complete 
the following steps. 

• Connect the refrigerant drum to the valve port 
with a charging line. Purge air from the line 
before tightening the hose connection onto the 
compressor valve. 

Hold the refrigerant drum in a vertical position 
with the charging line at the top so that only gas 
can enter the system. 

• The compressor can be operated in the normal 
manner while charging. Crack the suction valve 
off the back seat and open the refrigerant drum 
valve so gas can enter the system. 

• Observe the sight glass. When the charge is 
adequate, no bubbles can be seen and the bottom 
of the condenser is cool. Shut off the drum valve 
and close the compressor valve to the back seat. 

Check the compressor oil level. 



PURGING 

If air or other noncondens able gases are present 
in the system* they tend to collect in the condenser. 



Such gases can enter when part of the system has been 
opened for servicing which occurs during drier re- 
placement or addition of oil. When noncondens able 

gases are present, the head pressure rises to a point 
above the pressure corresponding to the temperature 
at which the vapor is condensing. 

Before the need to purge the system can be deter- 
mined, the entire sy stem must stand idle long enough 
to cool down to room temperature. This is usually 
done overnight with the condensing unit door open and 
the panels off. When the system has attained room 
temperature, the condenser gauge on the panel should 
not read more than 10 psi above the saturation pres- 
sure at room temperature . 

To purge pump down the system and close the com- 
pressor discharge valve after stopping the compres- 
sor. Allow the condenser water to run for approxi- 
mately five minutes to condense as much vapor as 
possible. The water regulating valve must be com- 
pletely open for the water to run. After the water has 



run for five minutes, purge through the compressor 



discharge port by opening the valve for approximately 
five seconds . Repeat tte purging step several times 
at about three minute intervals with the condenser 
water naming continuously . After purging the system 
can be placed back into service. 



CONDENSING UNIT REPLACEMENT 

Complete the following steps to replace the con 
densing unit. 



Use the recommended pump-down procedure. 

After the unit has been pumped down, close the 
following valves: compressor suction, cabinet 

suction, cabinet liquid, and the condensing unit 

liquid line valve . 



• On serial number 1 only, disconnect the con- 
denser gauge line and insert plug, 

• Shut down the Main Power switch and disconnect 
the power cable between the cabinet distribution 
box and the condensing unit. 

• Remove condensing unit hold-down bolts in the 



bottom of the frame. 

Disconnect the liquid and suction lines at the 
cabinet shut-off valves. 

Slide the condensing unit out. Be careful not to 

hook any tubing on either the cabinet or the con- 
densing unit. 

Slide in the replacement unit after removing the 
liquid and suction line caps. Place caps on the 

old unit. 



• Reverse the first six steps. 
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Place unit into operation, leak check, observe 



sight glass 
compressor 



sufficient charge , and check 



CHASSIS PRESSURE 
REGULATOR VALVE SERVICING 

If this valve will not hold its set pressure it might 
be obstructed (resulting in a high gauge pressure), 
stuck open (resulting in a low gauge pressure), or oil 
may have collected in the chassis (resulting in a low 
gauge pressure) due to a very light load on that chas- 
sis. If one of the first two problems is present, it 
might be remedied by opening the valve to the maxi- 
mum and then resetting it. A light load cannot be 

permanently remedied without adding load to that 
chassis. 



to 



opening and resetting the valve does not appear 

the gauge, gauge line, and actual chassis 

r to 



temperature 



be checked before resort! 



replacement 



First, check the actual chassis temperature against 
the indicated gauge temperature. Do this on any cold 
bar except the bottom one. Temperature of the bar 

should be not more than 5°F 



temperature 



5 F above the indicated gav 
sre is a wide disparity, the gauge 
problem, or the chassis is loaded 
a much higher actual temperature 



indicates 



the gauge line out by loosening the line 



gauge enough to 



obtained. 



se if a flow of Refrigerant 
not clogged, shut off the gai 



underside. Then 



sgulatorby removing 



gauge line valve with 



screwdriver. Attach a service gauge in place of the 
panel gauge, open the gauge line valve, and observe 
the pressures obtained while the system is in opera- 
tion. If satisfactory readings are obtained, reconnect 



the line to the panel gauge andrecheck 



panel gauge 



eadings are 



erroneous, replace the gauge 



If the gauge line seems to be clogged, it may be 



• Remove the suction manifold cover, gauge line, 
hose connector, and the valve connector. 

• Replace the old valve with new one and make all 
connections* Open the gauge line valve. 



Open all valves and start system. 



• Set valve to 55 ° through 57 ° F, leak check, and 



check sight glass and o 




ump 



EXPANSION VALVE SERVICE 

The four following descriptions give procedures 
for expansion valve servicing. 



Superheat Setting 

If it is suspected that the superheat setting is in 
correct (see C-3, D-4, G-l, and 1-1 on the trouble 



shooting chart) 



can be easily checked by getting 



the temperature of the chassis lower hose fitting (place 
thermocouple on the plated tube of the fitting) and get- 
ting the temperature difference between it and the 



should be 4° to 8° F above the 



indicated gauge temperature . The actual temperature 

leafed gauge tem- 
perature. Because the chassis evaporator is quite 
high, the temperature at the hose fitting may not be 



constant 
period o: 



to take several readings 



ii 



inutes. 



If the superheat is Incorrect (a large variation of 
10 or 15 F indicates too high a superheat setting), re- 
move the cap on the back of the valve (wired side of 
the chassis). Be sure to place a wrench on the valve 
body to keep it from twisting. Turn in (clockwise) 
the valve stem to increase superheat; turn out to de- 
c re ase supe rhe at . When set , re pi ace v al ve c ap snugly . 



Power (Thermostat) Element 

The power element of the expansion valve consists 
of a remote bulb, a capillary tube, and the diaphragm. 
If this power element has lost its charge, the valve 
will maintain a closed, or nearly closed, position 
(see H-3, and D-3 on the troubleshooting chart). If 



possible to blow it clear by disconnecting the line from this is suspected, due to a high chassis temperature 

which is not gauge indicated or because of a very high 



the gauge and operating the system. If this is done, 
the serviceman must be ready to close off the gauge 
line by the gauge valve very quickly or oil will be 
blown all over the unit. If this procedure does not 
clear the line, both ends of the line must be discon- 
nected and dry nitrogen forced through the line. 

If valve replacement is re quired , complete the 
following procedures. 



Open the pressure regulator valve, which must 
be removed, to the minimum setting. 

Pump down the system and close off the cabinet 

liquid and suction lines. 



superheat which is not adjustable, check the power 
element by: 

• Removing the bottom transformer cover ai 
removing the bulb from the tube on the chassis 

• Holding the bulb in your hand and listening at 
the valve with a stethoscope or by measuring 

the temperature at the lower hose connection, 
whether the valve opens up or not 



If the temperature does not drop down to a reason- 
able superheat, replace the power element using the 

procedure listed below • 
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Pump down the system after screwing out all 
the valves. 



Remove the top transformer 



the hinge 



side cover, and remove the bulb capillary from 
its clamps. 

r 

• Unscrew the valve diaphragm. Hold the valve 
body with a wrench to keep it from turning. 



• 



Replace the old power element with the 



ment 



the capillary 



ri 



clamp as before 



Clamp the bulb to the top of the tube and insu- 



late. The capillary coil must be coiled and 
taped so it does not rub itself or other parts. 
The capillary must also be drawn tightly through 
the clamps. 

• Start up the system, reset the pressure regula- 
tor valve, and leak check around the diaphragm. 

• Check and set the superheat setting. Replace 
the hardware. 



Inner Valve Parts Inspection and Servicing 

If an expansion valve indicates that it is obstructed 
(see D-3 on the troubleshooting chart), follow the 
procedure listed below. 



Pump down 



with 



pressure 



pened 



Slowly remove the bottom cap assembly as the 
pressure is relieved. Hold the valve booty when 
loosening th£ bottom-cap to keep the valve from 
twisting. 

• Inspect the inner parts, especially the valve 
seat, for foreign matter. Clean them out with 
a lintless rag, 

• Inspect the valve seat and pin for wear or cuts. 
Replace it if necessary. If the seat has to be 



replaced, the diaphragm must be removed in 
order to get the push rods out of the way. 

• Reassemble the valve, start the system, and 
reset the pressure regulator valves. 

Leak check the valve and adjust the superheat. 

ri 

Check the refrigerant charge. 



External Equalizer Line 

If the external equalizer becomes plugged or re- 
stricted (seeC-3 and G-l on the troubleshooting chart) , 
the expans ion valve will feed too much which can re- 
sult in a low superheat condition (possibly not adjust- 
able) or none at all, which can cause flood-back to 
the compressor. If this condition is suspected, it 
can be checked out and possibly remedied by following 

the procedure listed below. 



Pump down the system after opening the affected 
chassis pressure regulator valve. Close off the 
cabinet liquid and suction lines. 

Remove the equalizer line at the expansion valve 
and cap the valve connection. 

Crack the liquid line valves momentarily to allow 
the refrigerant to flow through the chassis and 
blow out the equalizer line. 

If sufficient pressure cannot be applied in this 
manner, attach dry nitrogen to the equalizer 
line and apply 250 psi. Do so in short timed 
spurts because the nitrogen must be purged off 
later. 

• Reconnect the line, start the system, and reset 
the pressure regulator. 

Check the superheat setting, leaks, and observe 
the sight glass. 
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COMPLAINT 



A. Compressor 
docs not start 



Table 20. Troubleshooting Chart for 6600 Cooling System 



POSSIBLE CAUSE 



1, Open breaker 



2. Burned-out motor 



3, Open motor protector 



4. Dual pressure control 

a. Faulty control 

b. Suction pressure 
cut-in setting 

e. Discharge pressure 
cut-in setting 



SYMPTOMS 



1, No current to line side 



of contactor 



2. Full voltage on motor 
terminals but motor 
does not run 



3* Full voltage to motor 
protector but not to 
motor terminals 



4. Motor contactor coil 
not energized 

a. Pressures correct 
for settings but con- 
tact remains open 

b. Suction pressure 
below cut-in setting 

c. Discharge pressure 
above cut-in setting 



RECOMMENDED ACTION 



1. Determine why breaker 

was open, whether due to 
manual trip or overload 

on compressor. 

2. Replace condensing unit 
assembly. Use standard 
cleaning procedures for 
chassis evaporators if 
required. 

3. Replace protector. 



4. a. Repair or replace. 

b. Check for loss of 
refrigerant. Repair 
leak or replace con- 
densing unit. See 
complaint H. 

c. See complaint E. 



B. Compressor 
short cvcles 



1. Low pressure control, 
differential set too close 

2. High pressure control, 
cut-out set too close 

3. Faulty condensing 



4 . Overcharge of refr ig- 
erant or noncondensable 




1. Normal operation except 1. Set differential to job 



frequent stops and starts 



conditions. 



2. Normal operation except | 2. Set to job conditions, 
frequent stops and starts 

3. Excessively high dis- 



charge pressure 



3. Check for water failure 
See complaint E. 



4. High discharge pressure | 4. Remove excess refrigerant 

or purge noncondensables. 



5. Low refrigerant charge 5. Normal operation except I 5. Repair refrigerant leak 



frequent stops and starts; 
sight glass partially full 
or contains bubbles 

-4 

w 

6. Overcharge of compres- 6. Low suction and dis- 



and recharge. 



6. Remove excess oil. 



charge pressure 

7. High discharge pres 
sure 



sor oil 

r 

7 . Water regulating valve 
inoperative or restricted 
or water temperature is 
too high 

8. Water piping restricted I 8. High discharge pres 



7. Clean or repair valve or 
correct temperature of 
water. 



8. Correct cause. 



supply pressure 



sure 



too 



9. Restricted drier 
strainer 



9. Low suction pressure 
and frosting at strainer 



9. Replace strainer. 



10. Fouled condenser 



10. High discharge pressure, ( 10. Clean condenser tubes 
cool outlet water 



COMPLAINT 



C. Compressor 
is noisy 



Table 20. Troubleshooting Chart for 6600 Coolii^g System (Cont) 



POSSIBLE CAUSE 



Lack of oil 



2. Internal compressor 
parts broken 

3. Liquid flood-back 



Dirty water regulating 
valve ; too high water 
pressure or inter- 
nittent water pressure 



SYMPTOMS 



1, Oil level cannot be seen 
in glass 

2. Compressor knocks 



3. Abnormally code suction 
line; compressor knocks 



4. Water valve hammers 
or chatters 



RECOMMENDED ACTION 



1. Add oil. 



2. Replace condensing unit 

assembly . 

Check expansion valve 
superheats. Check expan- 
sion valve bulbs for loose- 
ness. Check chassis 
gauges for low pressure. 
Check for restricted ex- 
pansion valve external 
equalizer. 

4. Clean water regulating 
valve. Install air chamber 

* 

ahead of valve. 



System short 
of capacity (one 
or more chassis 
evaporators 
running too 
warm) 



Plash 



in liquid line 



2 . Clogged drier strainer 



3. Expansion valve stuck 
or obstructed or bad 
power element 



4. Improper superheat 
adjustment 



Worn compressor valves 



1. Expansion valve hisses; 
shows in sight glass 



2. Temperature drop 
through strainer 

r 

3. Chassis gauge pres- 
sure correct but chas- 
sis is several degrees 
warmer 

Chassis gauge pressure 

correct but bottom part 
of chassis is several 
degrees warmer than 
top part 

High suction pressure 
nearly equal to dis- 
charge 



6. Chassis pressure regit- I 6. Chassis gauge pressure 



lator valve stuck or 
obstructed 



too high and chassis too 



1. Add refrigerant or lower 
condensing temperature. 



2. Replace strainer. 



3. Clean or repair expansion 
valve . 



4* Check expansion valve bulb 
for looseness. Reset 
superheat setting of valve. 



5. Install new compressor 
valves and valve plate. 



6. If valve won't regulate, 
replace valve. 



warm 



E. Condenser 
pressure 
too high 



1. Too little or too warm 
condenser water 



2. Fouled tubes in con- 
denser 

3. Air or noncondensable 

gas in system 



1. Excessively war 



water leaving con- 
denser 

2. Excessively cool water 
leaving condenser 

3 . Exceptionally hot con- 
denser and excessive 
discharge pressure 



1. Provide adequate cool 
water. Adjust water valve 



2. Clean tubes. 



3. Purge. 
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COMPLAINT 



E. Condenser 

pressure too 
high (Cont) 



F. Condenser 
pressure 
too low 



G. Suction pres- 
sure too high 



H. Suction pres- 
sure too low 



Table 20* Troubleshooting Chart for 6600 Cooling System (Cont) 



POSSIBLE CAUSE 



4. Overcharge of refrig 
erant 



1. Too much condenser 
water 



2. Lack of refrigerant 



3. Broken or leaking 
compressor discharge 
valve 



1* Overfeeding of expan 
sion valve 



2. Expansion valve stuck 
in open position 



3, Pressure regulator 
valve stuck in open 
position 



4. Broken or leaking 
valves in compressor 



1. Lack of refrigerant 



SYMPTOMS 



4* Excessive discharge 



pressure, condition 
excessively hot (bot- 
tom third or less 
should be cool) 



1. Cold water leaving 




2. Bubbles in sight glass 



3. Suction pressure rises 
faster than five potmds 



per minute after shut- 
down (can also happen 

leaking suction 
solenoid valve) 



1. Abnormally Cold suc- 
tion line or liquid 
flood-back 



2. Abnormally cold suc- 
tion line or liquid 

flood-back 

3. Abnormally cold suc- 
tion line or liquid 

flood-back or low 

chassis gauge pres- 
sure 

4. Noisy compressor or 
rapid pressure change 
after shutdown 



1* Bubbles in sight glass 



2. Clogged drier-strainer ] 2. Temperature change 



3. Loss of charge in ex- 
pansion valve power 

assembly 

4. Obstructed expansion 
valve 

5. Obstructed chassis 
pressure regulator 
valve 



of refrigerant line 
through strainer 

3. No refrigerant flow 
through valve; chassis 
excessively warm 

4. Loss of capacity; chas- 
sis is excessively wan 

5. Loss of capacity; chas 

sis gauge pressure is 
high 



RECOMMENDED ACTION 



4, Purge 



1* Adjust water regulating 
valve. 



2. Repair leak and charge or 
replace condens ing unit* 

3. Repair compressor or 
replace condensing unit. 



1, Check expansion valve 
remote bulb for being 
properly attached. Adjust 
superheat setting. Check 

for restricted expansion 
valve external equalizer. 

2. Repair or replace valve. 



3. Tap valve lightly or 
replace. 



4. Replace valves on com- 
pressor 6r replace con- 
densing unit assembly. 



1. Repair leak or replace 
condensing unit assembly 

2, Replace drier-strainer. 



3. Replace expansion valve 
power assembly. 



4 . Clean or repair valve 



5. Replace valve. 
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COMPLAINT 



Table 20. Troubleshooting Chart for 6600 Cooling System (Cont) 



I. Compressor 

knock on start- 
up and frosting 
suction mani- 
fold 



POSSIBLE CAUSE 



1. Expansion valve stuck 



in open position 



SYMPTOMS 



RECOMMENDED ACTION 



1. Gauge pressure correct, ] 1. Check expansion valves 



frost on suction line, or 
rattling knock of com- 
pressor on start-up 



for superheat. Clean or 
replace internal parts. 



J. Buzzer and 
high tempera 
ture light for 
one chassis 



1 . Expansion valve ob- 
structed or stuck in 

closed position 



2. Pressure regulator 
valve obstructed or 
stuck in closed 
position 



1. Gauge pressure cor- 
rect but chassis has 
abnormally high tem- 
perature (high tem- 
perature thermostat 

is controlling) 

2. Chassis gauge pressure 
abnormally high a] 
chassis temperature 
abnormally high (gauge 

oil thermostat is con- 
trolling) 



1. Clean out or replace in- 
ternal parts of expans ion 
valve. 



2. Open valve to maximum 

and reset or replace valve 



K. Buzzer and low 1. Pressure regulator 



temperature 
light for one 
chassis 



valve stuck in open 
pos ition 



1. Chassis gauge pressure 
abnormally low and chas 
sis temperature abnor- 
mally cold (gauge is 
controlling} 



1. Open and close valve to 

maximum settings and 
reset or replace valve. 



L. Noisy pressure J 1. Adjustment spring 
regulator valve 



1. Noisy valve(s) with 
noticeable vibrations 



1. Remove adjusting cap; 
lightly grease spring and 
brass washer (end-for-end 
spring). 
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APPENDIX A 

PERIPHERAL PROCESSOR COMMAND TIMING 



Table A-1. Peripheral and Control Processor Instructions 



Mnemonic and 



Mne 



nie and 



Octal Code 


i WziTYIf* I 


Octal Code 


1 Name 


PSN 


00 


Pass I 


LDI 


40 

w 


Load ((d)) 


LJM 


01 


Long Jump to m+ (d) 


ADI 


41 


Add ((d)) 


RJM 


02 


1 Return Jump to m + (d) 


SRI 


42 


Subtract ((d)) 


UJN 


03 


1 Unconditional Jump d 1 


LMI 


43 


I JuOgicai JLiiiiexenctj \\ u // 


ZJN 


04 


Zero Jump d 


ST I 


44 


1 oture i\uj/ 


* 

NJN 


05 


Nonzero Jump d 1 


RAT 

XV** X 


45 


I DaaI AAA A #1/1 

1 i\6pi£tCe AQu l\Q;; 


PJN 


06 


Plus Jump d 


AO I 


46 


I itepi sice AQu une u u // 


MJN 


AIT 

07 


Minus Jump d 


SOI 


47 


1 xvepiace DUDtxaUl Vslie \\ u // 


SHN 


10 


Shift d 


LDM 


50 


Load (m + (d)) 


LMN 


11 


Logical Difference d 


A TIM 




Add (m + (d)) 


LPN 


12 


Logical Product d 


SBM 


52 


1 Subtract (m + (u)) 


SCN 


13 


Selective Clear d 


LMM 


53 


1 Logical Difference (m + (d)) 


LDN 


14 


Load d 


STM 


54 


Store (m + (d)) 


LCN 


15 


1 Load Complement d 1 


RAM 


55 


Replace Add (m + (d)) 


ADN 


16 


Add d 


AOM 


56 


I T^Anl Add One fm + fdH 


SEN 


17 


Subtract d 


0V/XM- 


57 


1 lie pi ace ou our act une \in ^ v-*/; 


LDC 


20 


Load dm 


CRD 


60 


Central Read from (A) to d 


ADC 


21 


Add dm 


CRM 


61 


Central Read (d) Words from (A) to m 


LPC 


22 


Logical Product dm 


V> W U 




Central Write to (A) from d 


LMC 


23 


Logical Difference dm 


V/ VV 1TJ. 




1 central write (uj worus to irom m 


PSN 


24 


Pass 


ATM 




1 Jump to m ii unannei u Accive 


PSN 


25 


Pass 


LTM 




1 jump to m ii unannei a inactive 


EXN 


26 


Exchange Jump 


FJM 


66 


1 Jump to m ii v/nannei a run 


RPN 


27 


Read Program Address 


EJM 

X>d ATX 


67 


I jump to m ii un annex a j^mpty 


LDD 


30 


Load (d) 


IAN 


70 


input to A from Channel d 


ADD 


31 


Add (d) 


IAM 


71 


Input (A) Words to m from Channel d 


SBD 


32 


Subtract (d) 


OAN 


72 


Output from A on Channel d 


LMD 


33 


Logical Difference (d) 


OAM 


73 


Output (A) Words from m on Channel d 


STD 


34 


Store (d) 


ACN 


74 


I Activate Channel d 


RAD 


35 


Replace Add (d) 


DCN 


75 


I Disconnect Channel d 


AOD 


36 


Replace Add One (d) 


FAN 


76 


Function (A) on Channel d 

^^^^ 


SOD 


37 


Replace Subtract One (d) 1 


FNC 


77 


1 Function m on Channel d 



A-1 



PERIPHERAL COMMAND TIMING 



(00) 


Read P; 


(01) 


Read P; 


010 

Oil 


Read Q; 

Read P; 


(02) 


Read P; 


020 
021 

099 


Read Q; 
Read P; 


(03 ) 


Read P: 




Read P- 


(05) 


Read P* 


(06) 


Read P* 




AcHU Jr , 






/n \ 






Jtteau r, 


(13) 


Read P* 


(14) 


Read P; 


(15) 


Read P; 


(16) 


Read P; 


(17) 


Read P; 


(20) 
200 


Read P; 
Read P; 


(21) 
210 


Read P" 

a CAVA A « 

Read P; 


(22) 
220 


Read P; 
Read P; 


(23) 
230 


Read P; 
Read P; 


(24) 


Read P; 


(25) 


Read P; 


(26) 


Read P; 


(27) 


Read P; 


(30) 
300 


Read P; 
Read Q; 


(31) 
310 


Read P; 

Read Q: 


(32) 
320 


Read P; 
Read Q; 



P+l to P. 



P+lto P; d to Q; F to K; Advance K 



if d 



0. 



Ed to Q; Advance K. 
Q+ M to P; Clear K 



P+l to P; d to Q; F to K; Advance K 



if d 



0. 



Fd to Q; Advance K. 

Q+ ftf to Q; P+ 1 to P; Advance K 

P to Z ; Q + 1 to P; Clear K. 



P+d to P. 



P+dtoPifA = 0; P+ltoPifA^0 



P + d to P if A^0; P+l to P if A 



0. 



P + d to PifAis+; P+ltoPifAis 



P + d to P if A is 



P+l to P; Shift A by d 



Aid to A; P + l to P. 



Alpd to A; P+l to P. 
A sc d to A; P + l to P, 



d to A; P + l to P. 



d to A; P+ 1 to P. 



A + d to A; P+l to P 



A-d to A; P + l to P 



d to Q; P + l to P; F to K. 

QFd to A; P+ 1 to P; Clear K 



d to Q; P + l to P; F to K. 

A + QFd to A; P+l to P; Clear K 



d toQ; P+l to P; F to K. 

A Ip QFd to A; P+l to P; Clear K 



d toQ; P + l to P; F to K. 

A Id QFd to A; P+l to P; Clear K 



P+lto P. 



P+l to P, 



A to L; If central empty (P+l to P) 




00X0 A; d = 01Xl-A; P+lto P. 



d toQ; P + l to P; F to K 
M to A; Clear K. 

d toQ; P + l to P; F to K 

A+Fdto A; Clear K. 



d toQ; P + l to P; FtoK. 



(33) 


Read P; 


; d to Q; P+l to P; F to K. 


330 


Read Q; 


; A Ld Fd to A; Clear K. 

r 


(34) 


Read P; 


; d to Q; P+l to P; F to K. 

* 


340 


Read Q; 


; A to Z; Clear K. 


(35) 


Read P; 


; d to Q; P+l to P; F to K. 


350 


Read Q; 


; A+Fd to A; Set K = 340. 


(36) 


Read P; 


; d to v^; Jr + i to ±, r to is.. 


360 


Read O: 


: Fd+1 to A: Set K = 340. 


(37) 


Read P; 


; d to P + l to P; r to K. 


€\. n y* 

370 


Read Q; 


; Fd - 1 to A; Set K - o40* 


(40) 


Read P; 


; d to Q; P+ 1 to P; F to K. 


400 


Keaa v*; 


; ru to Auvance iv* 


A A1 

401 


Keaa v^; 


; ra to a; v/iear jv« 


(41) 


Read P: 


; d to Q; P+l to P; F to K. 


410 


Read Q: 


; Fd to Q; Advance K. 


411 


Read Q; 


; A + Fd to A; Clear K. 


(42) 


Read P; 


; dtoQ; P+l to P; FtoK. 


420 


Read Q; 


; Fa to Q; Advance lv. 


421 


Read Q 


; A - Fd to A; Clear K. 


(43) 


Read P; 


; d to Q; P+l to P; F to K. 


4 OA 

4o0 


Keaa vg; 


) ru to v^; Auvance iv # 


4ol 


lie HQ Icfc, 


{ A Jju ru 10 A y it; iii rv« 


(44) 


Read P: 


; d to Q; P + l to P; F to K. 












! a to Ct 9 ^yie<ix iv« 


(45) 


Read P; 


; d to Q; P+ 1 to P; F to K. 


4 SO 


XVv7€IU V^f « 


■ PVI to # Advance TC. 




XVt?ctU V^. 




(46) 


Read P: 


; d to Q; P + l to P; F to K. 






f J:u lAJ v^f ? AUVallLc IV* 


461 


Read Q 


; Fd+1 to A; Set K = 340. 


(47) 


Read P: 


; d to Q; P+l to P; F to K. 


470 


Read Q; 


; Fd to Q; Advance K. 


471 


Read Q: 


I IVi-l to A; Set K = 340. 


(50) 


Read P 


; d to Q; P+l to P; FtoK; Advance K 



500 
501 

502 



(51) 



510 
511 

512 



(52) 



if d 



0. 



Read Q; Fd to Q; Advance K. 

Read P; Q+ Fd to Q; P + l to P; Advance K 

Read Q; Fd to A; Clear K. 



Read P; d to Q; P + l to P; FtoK; Advance K 



if d 



0. 



Read Q; Fd to Q; Advance K. 

Read P; Q + Fd to Q; P + l to P; Advance K. 

Read Q; A + Fd to A; Clear K. 

Read P; d to Q; P + l to P; F to K; Advance K 



A 



Fd to A; Clear K. 



if d 



0, 




2 



PERIPHERAL COMMAND TIMING (Cont) 



520 
521 
522 



Read Q; Fd to Q; Advance K. 

Read P; Q+ Fd to Q; P+l to P; Advance K 



Read Q; 




Fd to A; Clear K. 



(53) 



Read P; d to Q; P + l to P; F to K; Advance K 



if d 



0. 



530 

531 
532 



(54) 



Read Q; Fd to Q; Advance K. 

Read P; Q+ Fd to Q; P + l to P; Advance K. 

Read Q; A Ld to A; Clear K. 

Read P; d to Q; P + l to P; F to K; Advance K 



if d 



0. 



540 
541 
542 



Read Q; Fd to Q; Advance K. 

Read P; Q + Fd to Q; P+l to P; Advance K 

Read Q; A to Z; Clear K. 



(55) 



Read P; d to Q; P + l to P; F to K; Advance K 



if d 



0. 



550 
551 

552 



Read Q; Fd to Q; Advance K. 

Read P; Q+ Fd to Q; P+ 1 to P; Advance K 

Read Q; A+ Fd to A; Set K=340. 



(56) 



Read P; d to Q; P+l to P; F to K; Advance K 



if d 



0. 



560 
561 
562 



Read Q; Fd to Q; Advance K. 

Read P; Q+ Fd to Q; P+l to P; Advance K 

ReadQ; Fd + 1 to A; Set K = 340. 



(57) 



Read P; d to Q; P + l to P; F to K; Advance K 



if d 



0. 



570 
571 
572 



Read Q; Fd to Q; Advance K. 

Read P; Q+ Fd to Q; P+l to P; Advance K 

Read Q; Fd = l to A; Set K=340. 



(60) 



Read P; A to L; 




to Q. 




CI + C2 + C3 + C4 



600 



601 



602 



603 



604 



(61) 
610 
611 
612 



613 



614 



615 



Empty and C5 Empty and Central Busy 
(P + l to P; F toK). 
Read Q. If C5 Full and C4 Empty (C5 to Z; C5 

to C4; Q+l to Q; Advance K) 

Read Q. If C3 Empty (C4 to Z; C4 to C3; Q + l 

to Q; Advance K). 
Read Q» If C2 Empty (C3 to Z; C3 to C2; Q + l 

to Q; Advance K). 

Read Q. If CI Empty (C2 to Z; C2 to CI; Q + l 

to Q; Advance K). 
Read Q; CI to Z; Clear K. 

Read P; d to Q; P+l to P; F to K. 
Read Q; Fd to Q; Advance K. 

Read 0; P to Z; Advance K. 

Read P; A to L. If C5 Empty and Central Busy 

and CI or C2 or C3 or C4 Empty (Fd 

w 

to P; Advance K). 

Read P. If C5 Full and C4 Empty (C5 to Z; C5 

to C4; P+l to P; Advance K). 

Read P. If C3 Empty (C4 to Z; C4 to C3; P + l 

to P; A + 1 to A; Advance K). 

Read P. If C2 Empty (C3 to Z; C3 to C2; P + l 

to P; Q- 1 to Q; Advance K). 



616 



617 



(62) 
620 



621 



622 



623 



624 



(63) 
630 

631 

632 

633 



634 



635 



636 



637 



(64) 
640 



(65) 
650 



(66) 
660 



(67) 
670 



(70) 
700 



(71) 
710 
711 

712 



Read P. If CI Empty (C2 to Z; C2 to CI; P+l 



to P; Advance K). 



Read P 



If Q 



(CI to Z; K 



713). 



If Q^0 and 



Central Busy and C5 Empty (CI to Z; 



A to L; P+l to P; K 



613). 



Read P; d to Q; P+ 1 to P; F to K. 
Read Q. If Dl Empty (Fd to Dl; Q + l to Q; Ad 

vance K). 

Read Q. If D2 Empty (Fd to D2; Dl to D2; Q + l 

to Q; Advance K). 

Read Q. If D3 Empty (Fd to D3; D2 to D3; Q + l 

to Q; Advance K). 
Read Q. If D4 Empty (Fd to D4; D3 to D4; Q + l 

to Q; Advance K). 

Read Q; A to L. If Central Busy (Fd to D5; D4 

to D5; A to L; Clear K). 

Read P; d to Q; P+ 1 to P; F to K. 

Read Q; Fd to Q; Advance K. 
Read 0; P to Z; Advance K. 
Read P; Fd to P; Advance K. 
Read P. If Dl Empty (Fd to Dl; P + l to P; Ad- 
vance K). 

Read P. If D2 Empty (Fd to D2; Dl to D2; 

to P; Advance K). 
Read P* If D3 Empty (Fd to D3; D2 to D3; P+ 1 

to P; Q - 1 to Q; Advance K). 
Read P. If D4 Empty (Fd to D4; D3 to D4; P+ 1 

to P; Advance K). 

Read P; A to L. If Central Busy (Fd to D5; D4 

to D5; A+ 1 to A; P + l to P). If Cen- 



P+l 



tral Busy and 




(K 



tral Busy and Q^O (K 



733) 
633). 



If Cen 



Read P; d to Q; P+ 1 to P; F to K. 

Read P; Fd to P if Channel Active; P + l to P if 

Channel Inactive; Clear K. 



Read p; d to Q; P+l to P; F to K. 

Read P; Fd to P if Channel faactive; P + l to P 



if Channel Ac t ive . 



Read 
Read 




d to Q; P+l to 




F to K 




Fd to P 




Channel Full; P + l to P 




Channel Empty; Clear K. 



Read P; d to Q; P+l to P; F to K. 

Read P; Fd to P if Channel Empty; P + l to P if 

Channel Full; Clear K. 



Read P; d to q; P+ 1 to P; F to K. 

Read P; R to A; If Channel Full (Clear K) 



Read P; d to Q; P+l to P; F to K 
Read 0; P to Z; Advance K. 
Read P; Fd to P; Advance K. 



Read P. If Channel Disconnect (Advance K) 




Channel Full (R to Z; P+l to P; 




1 



to A; Advance K if A 



1). 





PERIPHERAL COMMAND TIMING (Cont) 



713 



(72) 
720 



(73) 
730 
731 
732 



733 



(74) 



Read 0; Fd + 1 to P; Clear K. 



Read P; d to Q; P+l to P; F to K. 

Read P. If Channel Empty and Active (A to R 

Clear K). 



Read P; d to Q; P+l to P; F to K 

Read 0; P to Z; Advance K. 

Read P; Fd to P; Advance K. 

Read P. If Channel Disconnect (Advance K). If 

Channel Empty Active ( Fd to R; P+l 
to P; A- 1 to A; Advance K if A 

Read 0; Fd+1 to P; Clear K. 




Read P; d to Q; P+l to P; F to K. 



740 



(75) 
750 



(76) 
760 



(77) 
770 



Read P. If Channel Mactive (Activate Channel, 

Clear K). 



Read P; d to Q; P+l to P; F to K. 

Read P. If Channel Active (Disconnect Channel 

Clear K). 



Read P; d to Q; P+l to P; F to K. 

Read P. If Channel fiiactive (A to R; Function; 

Clear K). 



Read P; d to Q; P+l to P; F to K. 

Read P. If Channel Baactive (Fd to R; Function; 

P+l to P; Clear K), 



A-4 



COMMENT SHEET 



6000 Series Introduction 

and Peripheral Processors Training Manual 

First Edition 



FROM: Name 



Address 



COMMENTS: Describe errors, suggested additions or deletions, and include page numbers with each reference 



mmi DATAJNSTiTUTFS 




^00 internal* ^mlh 



5030 Artw Vi^iv Simt 



East Hiip^r 

1 =4^6 Rotkviiit Pike 

L*ul*, Missouri 631 t)H 
Dps i^Vi Kaii 



Control £)sEa Ccsmputt? T^inpJig SclMjd 
San FrsHckwro, CalsferHlss ^102 

SOS 16ThSl?w 



EDUCATIONAL DIVISION OF 



